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CHAPTER 1. INTRODUCTION 
Throughout the past century, U.S. food and agricuiiural production has increased 
dramatically: more productive resources have been brought into use, and, in the latter 
half of the century, there have been rapid advancements in technology. Five distinctive 
iimovations can be cited as having had the most profound effects. These include: 
1. the mechanization of agriculture, which stimulated the shift of population from 
rural to urban areas. 
2. antibiotics in animal health and nutrition, leading to increased resource 
productivity and large scale production units. 
3. hybridization of com and other plant species, resulting in dramatic increases 
in productivity both here and abroad. 
4. refrigeration and improved storage techniques, which have resulted in less 
waste and availability of seasonally produced commodities during the entire 
year. 
5. the development of chemical fertilizers and insecticides, which have had the 
dual impacts of increased yields and reduced production risks. 
Although technological change in agriculture can be viewed as a continuous 
process, these five iimovations or processes represent discrete changes which have led 
to drastic, sometimes de-stabilizing economic changes in the food and agricultural sector. 
Looking to the future, biotechnology with its recombinant DNA procedures, gene 
transfers, embryo manipulation and transfer appear to be the next iimovation in the 
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continuum of agricultural progress which may cause dramatic economic changes. For 
the first time in U.S. agricultural history, the advent of a new technology has created a 
great deal of controversy as to whether it should be used. Innovations can have both 
positive and negative impacts on individuals, communities, regional economies and 
international trade. In the past, most attention has focused on the benefits of 
innovations as they improved the level of output from the limited resources available. 
However, earlier technologies have had unintended and unanticipated negative 
consequences. For example, pesticides now contaminate ground-water and persistent 
surpluses of agricultural commodities and subsequent low producer prices and income 
have displaced many producers. Thus, technologies which further enhance production 
are often viewed as exacerbating some of these problems. The negative impacts must 
be anticipated, and mechanisms developed to mitigate them. On the other hand, the 
costs of not developing biotechnology must also be considered (e.g., U.S. farmers losing 
competitive advantage to other countries). 
The possible positive and negative impacts of biotechnology changes have been 
raised by previous studies on the impacts of bovine somatotropin use in milk production. 
While consumers may benefit from lower prices and increased quantities of milk, 
producers may be harmed by increases in production in an industry which already faces 
chronic surpluses. In addition, consumers' initial reaction toward the use of bST in milk 
production has been negative and issues regarding the impacts on dairy farm numbers, 
size, and industry structure have been raised. Initial studies have shown that it is likely 
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that bST will further increase the trend towards fewer and larger milk producers at the 
expense of smaller 'family" type operations. Legislators in some states have placed 
temporary bans on the use of bST in dairy production. 
Similar issues are involved with the use of growth promotants for meat 
production. However, there are several key differences which require analysis. First, 
whereas bST use in dairy production only increases the quantity of milk produced per 
cow, the Mse of growth promotants in meat animals not only increases the amount of 
meat produced, but also creates a leaner product. Thus, while increased supply is the 
primary change for milk production, there may be changes in products and related 
consumer demand which will affect the overall impacts of growth promotant use in meat 
production. Second, growth promotants have sharply different impacts in beef, pork and 
poultry so that the within industry and cross-commodity impacts between the competing 
industries must also be considered. Evaluating the likely dynamic supply and demand 
changes and assessing the overall impacts of growth promotant use in meat animal 
production will be the focus of this study. 
Literature Review 
Within the economics of technical change literature, efforts have been made, on 
an ex post basis, to explain the impacts of technical changes in agriculture on output 
supply, input demand, and prices-both farm and retail. However, until recently few 
studies have attempted to estimate the expected impacts of a new technology. Yet, with 
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the rapidly changing economic environment it is imperative that policy makers as well 
as producers receive information to facilitate their decision making process. Providing 
information may facilitate decisions to mitigate economic adjustment. 
The early attempts to explain the economic impacts of technical change were 
inherently limited in their usefulness because the changes had already occurred and little 
could be done to reverse the process. However, they do offer some insights into how 
one might approach an ex-ante analysis. The seminal study of the adoption of a new 
technology was by Griliches (1957). Griliches evaluated the factors which affected the 
adoption of hybrid seed com in the United States, This article laid the foundation for 
adoption-diffusion studies, as Griliches was the first to propose a logistic fimctional form 
for the adoption process which has subsequently become the primary form used. 
Griliches (1958) further evaluated the net social impacts of hybrid seed com using 
classical consumer-producer surplus techniques. Societal impacts were based on data 
collected on research costs, displacement of resources, and the returns from planting 
hybrid seed com. This basic procedure, modified to evaluate different technologies, has 
been applied to several other innovations over the years, including the development of 
a tomato harvester (Schmitz, 1970), the development of hybrid strains of rice (Evenson, 
1973), and cotton (Ayer, 1972). 
Although consumer-producer surplus analysis has been widely used, Ito, Grant 
and Rister (1986) used dynamic econometric modeling techniques to assess the impacts 
of a high yielding rice veuiety. They began by using the technique of adoption estimation 
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developed by Griliches, and then proceeded to use a dynamic, general equilibrium 
deterministic model developed by Grant, Beach and Lin to analyze the rice supply-
demand sectors and price relationships among producers, millers and retailers. To 
estimate the impacts of the new semi-dwarf varieties, the estimated adoption rates were 
integrated into the yield equations of the re-estimated stochastic simulation model, and 
then simulations were made with and without the semi-dwarf varieties included. They 
estimated the impacts on acreage, yield, production, market prices, returns to producers, 
government payments and demand. Although the initial calculations were made using 
three years of previous data, the model was used to project the impacts through 1990. 
Although these studies provide some useful insights into methods of estimating 
the economic impacts of growth enhancers, it should be noted that each study was 
conducted on an ex-post basis-the technology already existed and was at least being used 
in on-farm trials. 
A few studies have already been conducted to evaluate the economic impacts of 
some of the more imminent growth promotants. One of the first studies to assess the 
before-the-fact economic impacts of growth promotants was by Robert Kalter et al. 
(1985). The analysis addressed the impacts of bovine growth hormone (BGH) on the 
dairy industry. In the analysis, Kalter made use of a framework similar to that of 
Griliches to evaluate the adoption and diffusion pattern of BGH. However, Kalter used 
survey responses from dairy producers to estimate the producers' acceptance of the new 
technology. To estimate the farm level impacts of BGH, a linear programming model 
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was used to obtain the profit maximizing enterprise levels. The results of the 
representative farm analysis indicated that, with stable milk prices, returns over variable 
costs incrc ise 5 to 26 percent depending on farm characteristics and response rates. As 
aggregate production responds to BGH administration, milk price will fall reducing or 
erasing the short term increase in returns. In addition to these farm level impacts, 
Kalter proceeded to analyze the impact of BGH on the aggregate New York dairy 
sector, and projected a 30 percent reduction in the number of dairy farms. This study 
stimulated much of the controversy over the use of biotechnology to enhance production 
in industries where chronic surpluses exist. The results of this analysis were subject to 
assumptions about the representative farm size, government dairy support programs, and 
adoption levels. In general, the methodology of the Kalter study is useful; however, 
there are several key aspects of the meat animal industry which differ from the dairy 
situatiorL First, BGH used on dairy cattle has no effects on the quality of milk; thus, the 
only demand implications are through price changes, or through changes in consumer 
preferences towards milk in which growth promotants were used. However, growth 
hormones used in meat animals have product quality effects which will also likely affect 
demand. Since the study by Kalter et al., several studies dealing with the potential 
economic impacts of growth promotants in the meat animal industry have been reported, 
although most have dealt exclusively with the pork industry. These studies proceed along 
two distinct, yet related lines. The first approach uses linear programming profit 
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maximization models to determine representative farm impacts. The second approach 
uses dynamic econometric models to simulate changes caused by growth promotants. 
Among those who have employed linear programming techniques is Meltzer 
(1987). The objective of Meltzer's study was to consider the potential effects, at both 
the farm and national level of the widespread use of porcine growth hormones. In 
addition, the possible impact on govermnent support costs due to reduced feed 
requirements was assessed. The study showed that the most efficient farms would profit 
from using pST provided gains in feed efficiency of 10 percent or more were obtained. 
Meanwhile, the least efficient farms required an increase in feed efficiency of 15 percent 
to cover all costs. Meltzer also showed that pig production does not increase enough to 
offset the reduction in total feed used per pig; thus, feed prices decline and the marginal 
value of an acre of land added to the existing farm also declines. The results also 
suggest that, at least in the short run, the use of pST will not cause the least efficient 
farm to be worse off than previously, and the structure of pig production is not likely to 
be affected. That is, attrition will occur at previous rates at all efficiency levels. This 
study does not assess the implications of increased growth rates for hogs or the changes 
in the composition of pork. In addition, the potential for cross-commodity effects with 
beef and poultry are not addressed. 
A second paper which used the linear programming approach was by Lemieux 
and Richardson (1989). Three representative midwestem grain-hog farms feeding out 
approximately 600,1350 and 3150 hogs per year were simulated over a five year planning 
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horizon under alternative assumptions for pST adoption and two price (supply) scenarios. 
Each representative farm was simulated using the Farm Level Policy Simulation Model 
(FLIPSIM V), first assuming the farm did not adopt pST and then assuming it adopted 
pST in year one of the five year planning horizon. Two different hog price decline 
scenarios were evaluated due to the fact that increased supplies of pork from pST 
adoption will lower hog prices. The FLIPSIM V model was used to estimate the net 
present value, ending net worth and net cash income of representative Midwest grain-
hog farms with the alternative pST scenarios. The six scenarios evaluated for each 
representative farm were: 
-no pST and a pessimistic decline in hog prices (base). 
-adoption of pST, a pessimistic decline in hog prices and no carcass merit 
premium. 
-adoption of pST, a pessimistic decline in hog prices and a carcass merit premium, 
-no pST and optimistic decline in hog prices (base). 
-adoption of pST, an optimistic decline in hog prices and no carcass merit 
premium. 
-adoption of pST, a optimistic decline in hog prices and a carcass merit premium. 
The firm-level simulation results indicated that, without a carcass merit premium, 
the benefits from pST adoption just offset the increased cost of materials, injection, 
ration changes and the adverse price effects. This was true for all three representative 
farms, and the two price scenarios. However, it was shown that if producers could 
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garner a carcass premium of 6.89 percent, the benefits of pST more than offset the costs 
of adoption and lower pig prices. 
Although this study addressed several of the relevant economic issues associated 
with pST adoption, it did not allow for dynamic supply adjustments to prices in the linear 
programming framework. Thus, the response to pST was largely based on assumptions 
of supply effects. In addition, the adoption rate was set by assumption. This is one of 
the more important issues with the advent of any new technology which deserves more 
in-depth treatment. Finally, this study did not address the issue of cross-commodity 
interaction or possible consumer preference changes. 
Gempesaw et ai. (1989) used a simulation framework to examine the impacts of 
growth regulators in the broiler industry. The study evaluates the economic impact of 
growth regulators on contract broiler grower profitability in the Delmarva (Delaware, 
Maryland and Virginia) region and Georgia using a stochastic-dynamic simulation model 
(CHICKSIM). CHICKSIM is a recursive Monte Carlo model which simulates the 
financial position of the broiler farm over time. Stochastic broiler prices, mortality rates, 
variable costs and feed efficiency levels were provided by the model. This study found 
that broiler grower profits would increase if the impact of growth regulators was limited 
to an increase in production efficiency alone. When accounting for supply and demand 
consequences, it was found that, despite the improved production efficiency, the grower's 
financial condition was not any better than when no growth regulators were used. 
However, when the integrator passed along some of the savings from improved feed 
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efficiency by maintaining the same level of bird prices, the use of the new technology 
benefitted the grower financially. This study did not consider any market level changes 
which may occur with the use of growth enhancers. Thus, the cross-commodity effects 
of growth promotants were not adequately addressed, and the results apply only at the 
firm level. 
At least two studies have been completed using dynamic econometric simulation 
models. One by Halbrendt et al. (1989) used a state level and national model to first 
determine regional impacts and then aggregate impacts of pST on pork supplies, 
consimiption and prices. The national and state level models are linked through 
identities and conversion factors to allow for continuous interactions. They are used to 
estimate the impacts of differences in adoption rates, feed efficiency, premium pricing 
and cost of technology. All scenarios produced increases in consimiption and decreases 
in retail and producer prices. The scenario which Halbrendt considered most likely 
resulted in a maximum increase in per capita consimiption of 7.7 percent, before settling 
at an approximate 6.5 percent long run increase. This increased consumption was the 
result of an eventual reduction in retail prices of 8 percent. This study did not address 
any cross-commodity implications and does not directly consider consumer demand 
changes. 
Another study which used a dynamic simulation approach was by Lemieux and 
Wohlgenant (1989). This study considered the impacts of pST on the hog industry and 
consumers. The model contained a series of equations in log-differential form 
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representing supply, demand, and market clearing relationships. The endogenous 
variables of the model were proportional changes in quantities of pork sold at the retail 
level, pork sold on the export market, hogs purchased for slaughter, hogs imported from 
Canada, retail pork prices, and farm-level hog prices. The study examined two ceiling 
levels of adoption (60% and 100%) to provide a range of production increases of 5-16 
percent, a retail price decline of 6-10 percent, and an increase in consumption of 4-13 
percent. As with other studies, this study does not directly address the impacts on other 
sectors of the livestock industry, and thus does not adequately address any cross-
commodity implications, or the expected consumer preference changes which may occur. 
A study by Peterson et al. (1992) evaluated the implication of bST in the dairy 
industry and pST in the pork industry in a general equilibrium framework. The results 
suggested a much lower response to the growth enhancers than previous studies. The 
results further suggested that pork production may decline rather than increase as shown 
by previous studies. This change is attributed to much lower production efficiency 
changes. As with other studies, no consideration was given to cross-commodity 
implications, and the study did not adequately address the consumer acceptance issues 
involved. 
In summary, nearly all previous work has concentrated either on the dairy or pork 
industries. None of the studies have adequately considered cross-commodity 
implications. Also, none of the studies have considered the direct impacts on beef of the 
potential adoption of growth enhancers in beef production. None of the studies have 
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considered the expected adoption response of producers. Finally, the issue of consumer 
acceptance and preference changes for a leaner product produced with the use of growth 
promotants has been given only cursory attention, with most studies simply assuming 
consumers will express no change in preference. 
Research Objectives 
Previous studies on the technical impacts of growth promotants have not 
considered cross-conunodity implications for competing industries, technical changes 
occurring simultaneously in the competing industries, producer adoption in the meat 
industry, or consumer acceptance of the treated products. 
The objective of this research is to develop a systematic ex-ante method to 
evaluate the comprehensive impacts of growth hormones and repartitioning agents on 
the pork, beef and poultry industries of the meat production sector. This will focus on 
the likely changes in production efficiency, growth rate, and product composition. It will 
include the evaluation of the likely effects on beef, pork, and poultry market shares, 
producer prices and profits, and relative consumer prices. 
The objectives of this research include the following; 
1. determine likely adoption-diffusion rates for the S-agonists and somatotropins 
which are the most likely growth enhancing products for commercial use in the 
beef, pork, and poultry industries. 
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2. détermine consumer willingness to pay for meat products produced 
with the use of growth enhancers. 
3. determine likely economic impacts from the adoption of growth promotants 
within the adopting industry and its competing industries. 
Research Procedures 
Specific procedures necessary to accomplish the objectives include: 
1. conceptualize the economic impacts of the adoption of growth promotants 
within the livestock industry. 
2. estimate the expected adoption behavior of producers, using a hog producer 
survey conducted in cooperation with the Department of Sociology at Iowa 
State University. 
3. estimate consumer acceptance and willingness to pay for leaner meat products 
produced with the use of growth promotants using an experimental economics 
approach. 
4. develop partial budgets which will aid in determining the static implications 
of the adoption of growth promotants on representative farms within the 
respective livestock industries. 
5. develop and estimate the coefficients of a dynamic econometric simulation 
model for the U.S. livestock sector, including: 
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a) a supply sector which incorporates the biological restrictions of 
livestock production and variables which will likely be affected by the 
adoption of growth promotants, 
b) a demand system which reflects the theory of consumer behavior. 
6. using the econometric model, simulate the long-term socioeconomic impacts 
of various potential commercial livestock growth promotants in the respective 
livestock sectors, including their impacts on prices, quantities, market shares, 
and profitability. 
Summary 
This study provides an ex ante economic analysis of the impacts of growth 
promotants on the U.S. livestock sector. The structure of the dissertation may be 
conceptualized in three parts. The first part includes Chapters 1-7, which provide 
background information and development of issues necessary for estimation of the 
dynamic economic impacts. Chapter 1 provides a review of the relevant literature and 
a statement of the objectives of the current study, and procedures necessary to achieve 
them. Chapter 2 summarizes the technical impacts growth promotants are expected to 
have in each livestock specie. Chapter 3 provides an overview of the conceptual market-
level implications of technology changes. Chapter 4 summarizes the current status of the 
livestock industry, and the relevant production aspects which may be affected by the 
adoption of growth promotants. Chapter 5 considers relevant adoption-diffusion theory, 
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previous studies, and the results of the survey of pork producers regarding their adoption 
expectations. Chapter 5 also includes a framework for incorporating the survey results 
into the simulation model. Chapter 6 develops the consumer acceptance issues, 
considers prior studies, and provides the results of the consumer experiments to estimate 
consumer acceptance of meat products treated with growth enhancers. Chapter 7 
develops the partial budget analysis of the impacts of growth promotants by livestock 
species. 
The second part of the dissertation includes Chapters 8-10. These chapters 
include the theoretical and conceptual development of a livestock sector econometric 
model. Chapter 8 provides the theory and conceptual outline for the supply sector of 
the empirical model, Chapter 9 provides the theory and conceptual development of an 
approximate almost ideal inverse demand system, and Chapter 10 considers the 
theoretical and conceptual issues related to development of the price-transmission 
segment of the model. 
The third part of the dissertation includes Chapters 11-14. Chapter 11 concerns 
data development for estimation of the econometric model. Chapter 12 provides the 
estimation results and the testing and validation statistics for the estimated model of the 
U.S. livestock industry. Chapter 13 presents the estimated economic impacts of various 
growth promotant scenarios, and the broader economic consequences of growth 
promotants. Finally, Chapter 14 presents the conclusions and further research 
suggestions. 
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CHAPTER 2. TECHNICAL IMPACTS OF GROWTH PROMOTANTS 
The primary economic impacts of growth promotants are the consequence of the 
impact they have on the production function of livestock. Thus, it is necessary to first 
consider the technical impacts growth promotants can be expected to have in commercial 
livestock production. This chapter reviews the research analyzing the effects of the 
growth promotants likely to be introduced in the mid-1990s. 
Porcine Somatotropin Effects on Swine Production 
Porcine Somatotropin's (pST) production implications have been known for nearly 
four decades. However, prior to the advent of recombinant DNA technology it was not 
possible to produce pST in the large quantities needed for commercial production. 
Initially, pST was extracted from purified crushed anterior pituitary glands where it is 
naturally synthesized in the animal. The limited amounts available and the necessity to 
inject the compound into the animal presented severe limitations in its use. However, 
with recombinant DNA technology it is possible to "manufacture" pST cheaply and in the 
large quantities necessary for commercial production. In simplified terms, recombinant 
DNA techniques splice the portion of the DNA strand which is responsible for 
somatotropin production in the animal into the DNA of a suitable host bacterium. The 
bacteria used (commonly E. Coli) reproduces quite rapidly and, with its newly acquired 
DNA strand, also produces somatotropin. The somatotropin produced is extracted and 
purified, and serves as an almost identical substitute for naturally produced hormones. 
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While somatotropins may have cross-species effects, they are best used on the species 
from which the original DNA was taken. 
It is necessary to administer somatotropin via injection. Porcine somatotropin is 
composed of amino acids, and if it is administered orally the stomach will digest the 
compound and render it ineffective. The need for injection remains one of the primary 
obstacles to the widespread commercial application of pST. However, several 
manufacturers are working to develop long term implant delivery systems much like 
those commonly used in beef cattle production. 
One of the first reports of the effects of growth promotant injection in swine was 
by Tunnan and Andrews (1955). However, due to the inability to extract sufficient 
quantities from crushed pituitaries for commercial application, few other studies were 
conducted until the 1980s when the potential for mass production of pST became 
feasible. Since the advent of recombinant DNA technology, many studies of porcine 
somatotropin's impact on the growth rate and composition of hogs have been conducted 
by universities and companies developing commercial products. Following is a summary 
of the results from the more recent studies, and a compilation of the most likely impacts 
of pST based on those studies. 
One of the first studies of the impacts of recombinantly derived pST on the 
growth characteristics of hogs was by Chung et al. (1985). In this study, twenty-four 
Yorkshire barrows that initially weighed 32 kilograms were randomly allocated into two 
groups. The hogs were then individually penned and fed, ad libitum, a corn-soybean 
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based diet formulated to contain 16% crude protein. Twenty-two micrograms/kilogram 
(fig/kg) body weight of pST was administered daily by intramuscular injection for a 
period of thirty days (Table 2.1). This resulted in a 4 percent increase in total weight 
for the period, a 9.9 percent increase in average daily gain, a 5 percent increase in feed 
intake, and a 3.7 percent improvement in feed efficiency. In addition to the growth rate 
and feed use changes, the use of recombinant pST had effects on the carcass 
composition of the treated hogs (Table 2.2)-a 5 percent increase in hot carcass weight, 
a 0.74 percent decrease in dressing percentage, a 2.15 percent increase in loin eye area, 
and a 6.5 percent increase in the loin weight. 
Table 2.1 Effect of pST administration on swine growth performance® 
Item Control (n=12) pST Treatment (n=ll) 
Initial weight, kg 32.20 3230 
Final weight, kg 59.70 62.10 
Average daily gain, kg 0.91 1.00 
Feed intake, kg 73.80 77.50 
Lbs. feed/lb. gain 2.70 77.50 
'Chung et al., Journal of Animal Science 60:1(1985). 
In a later study, Campbell and Travemer (1988) studied the impacts of 
exogenously administered pST on the growth characteristics of commercial type hogs. 
Sixty Landrace x Large White barrows were administered either 0 or 100 pig of pST per 
day. Pigs were individually penned and fed a common diet from 60 to 90 kg of body 
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weight (Table 2.3). Porcine somatotropin caused a 30 percent increase in daily gain, a 
19 percent increase in feed intake, a 37 percent improvement in feed efficiency and a 
23 percent decrease in backfat. These are substantially greater impacts than reported 
by Chung, and may be attributable to the superior genetics of the hogs selected for the 
study. 
Table 2.2. Effect of pST administration on carcass composition in swine® 
Item Control (n= 12) pST Treatment (n=ll) 
Hot carcass weight, kg 41.60 43.70 
Chilled carcass weight, kg 40.40 42.40 
Dressing percentage 67.90 67.40 
Marbling Score 3.20 4.00 
Longissimtis lipid, % 130 1.90 
Loin eye area, cm^ 18.60 19.00 
Carcass length, cm 72.10 71.90 
Loin weight, kg 4.60 4.90 
Ham weight (trimmed), kg 4.50 4.70 
New York Shoulder, kg 3.60 3.50 
Belly, kg 1.80 1.80 
Backfat thickness, cm 2.70 2.80 
''Chung et al.. Journal of Animal Science 60:1(1985). 
In the previous studies cited, hogs were administered pST via daily injections. 
This technique has limited usefulness in commercial swine production. Thus, Knight et 
ai. (1988) studied the impacts of a 6-week implantable delivery system for pST. Barrows 
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with an average weight of 70 kg were randomly assigned to 1 of 4 treatments: untreated 
controls (UC), 2 milligrams (mg) pST daily injection (DI2), 1 implant releasing 2 mg of 
pST per day (12), or 2 implants releasing 4 mg of pST per day (14) (Table 2.4). Porcine 
somatotropin injected at 4 mg per day caused daily gain to increase 13 percent, feed 
intake to decrease 14 percent, and feed efficiency to improve 24 percent. 
Table 2.3. Effect of pST administration on growth characteristics in swine® 
Item Control (n=30) pST treatment (n=30) 
Daily gain, g 992.00 1292.00 
Feed intake, kg/day 3.24 2.61 
Feed/gain 3.28 2.07 
Backfat, mm 3230 24.90 
Visceral weight, kg 7.40 8.40 
Carcass length, cm 77.10 78.30 
^Campbell and Travemer, Journal of Animal Science 66:1(1988). 
Table 2.4. Effect of implanted pST on growth characteristics in swine® 
Item UC DI2 12 14 
Daily gain, kg 0.82 0.96 0.86 0.93 
Feed intake, kg/day 3.49 3.14 2.99 3.01 
Feed/gain 4.25 3.29 3.51 3.24 
'Knight et al.. Journal of Animal Science 66:1(1988). 
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Another key variable affecting the impacts of pST on hogs is the level of crude 
protein fed to finishing hogs. In a study by Newcomb et al. (1988), one hundred 
crossbred hogs were used to investigate the growth and composition response of hogs fed 
different levels of dietary crude protein and treated with three milligrams per day of 
recombinant pST. Diets of 14, 17, 20, 23 and 26 percent crude protein (CP) were fed 
ad libitum to hogs housed five per pen. Hogs were placed on treatment at 60 kg live-
weight and slaughtered at an average pen weight of 100.5 kg. Results are provided in 
Table 2.5. The results in Table 2.5 suggest a higher than normal dietary protein 
requirement for pigs treated with pST is needed to maximize average daily gain and feed 
efficiency (gain/feed). In addition, more protein is required to achieve maximum lean 
than is required to maximize average daily gain and feed efficiency. 
As with protein levels, increased amounts of lysine (the limiting amino acid in hog 
rations) may also enhance the effects of pST. A study by Goodband et al. (1989) 
examined the effects of pST dosage and dietary lysine level on growth performance in 
hogs. Seventy-two finishing pigs averaging 57 kg were injected daily with 4 or 8 mg of 
pST and fed a pelleted com, soybean and sesame meal diet (0.8% lysine and 17.6% 
crude protein) or diets containing 1.0,1.2 or 1.4 percent lysine. The results of the study 
suggest that increasing lysine levels result in pST having greater effects, and lysine may 
be the limiting amino acid in the use of pST. 
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Table 2.5. Effects of pST on swine fed varying levels of crude protein® 
percent crude protein 
Item 14 17 20 23 26 
daily gain, kg 0.79 0.77 0.80 0.80 0.72 
Feed intake, kg/day 2.30 2.24 2.19 2.13 2.07 
Gain/feed 0.33 0.36 037 0.37 0.35 
Back fat, cm 2.37 2.27 2.17 2.07 1.98 
Loineye area, cm^ 34.80 35.50 36.20 36.90 37.50 
"Newcomb et al., Journal of Animal Science 66:1(1988). 
An additional study by McKeith et al. (1988) explored the effects of pST 
administration on retail cuts from pigs. In this study, 16 pigs (8 barrows and 8 gilts) 
were fed a 23% crude protein diet ad libitum. Animals with a starting weight of 64.7 
kg were allotted to two treatments, control and treatment with porcine somatotropin. 
Pigs were given daily injections of either saline (control) or 3 mg pST. Hogs were 
slaughtered at 96.3 kg and the right side of each carcass fabricated into wholesale cuts 
using National Association of Meat Processors procedures. Results are shown in Table 
2.6. Treatment with pST caused the boston weight to increase 5 percent, the picnic 
weight to decline 3.4 percent, the loin weight to increase 10.9 percent, the ham weight 
to increase 6.7 percent and the belly weight to decline by 6.7 percent. Meanwhile, the 
boston lipid declined by 48 percent, the ham lipid declined by 28 percent, and the belly 
lipid declined by 31.5 percent. This suggests that with the use of pST most cuts possess 
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Table 2.6. Effects of pST on boneless retail cuts in pork* 
Item 
Retail Cut 
Boston Picnic Loin Ham Belly 
Control weight, kg 2.43 2.94 4.50 6.16 5.39 
Control lipid, % 21.00 15.00 27.20 12.50 39.00 
pST weight, kg 2.55 2.89 4.99 6.57 5.03 
pST lipid, kg 10.00 9.30 14.10 9.00 26.70 
®McKeith et al., Journal of Animal Science 66:1(1988). 
superior lean composition, while all cuts expressed a significant reduction in lipid 
content. This would suggest an increase in retailable lean meat with the use of pST. 
A study by Campbell et al. (1989) examined the interrelationship of exogenously 
administered pST on sexes (Table 2.7). Forty-five hogs with an average initial live 
weight of 60 kg were used to investigate the effects of daily exogenous porcine pituitary 
growth hormone administered at 100/xg/kg of body weight for a 31 day period. A ration 
containing 18% crude protein was fed to the hogs over the test period. Impacts were 
nearly the same for both sexes. The impacts of pST on barrows were a 4.7 percent 
increase in the final weight, a 15.9 percent increase in daily gain, a 22.6 percent decrease 
in feed intake, a 32.7 percent improvement in feed efficiency, a 45 percent decrease in 
back-fat, and a 12.5 percent increase in the loin area. 
Nossaman et al. (1989) considered the effects of pST on two different types of 
crossbred hogs. Two groups of hogs, one a Hamp-York cross and one a York-Landrace 
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cross, were treated with 5 mg of pST per day &om the 128 to 220 pound stage of growth. 
In addition, the hogs were fed at four different protein levels (18% crude protein, 19.5% 
crude protein, 21% crude protein, and 22.5% crude protein). 
Table 2.7. Effect of animal gender and pST on growth performance in swine® 
Control pST Treatment 
Item Barrows Gilts Barrows GUts 
Initial weight, kg 60.90 60.20 60.20 60.70 
Final weight, kg 93.70 91.80 98.10 98.80 
Daily gain, g 1057.00 1011.00 1225.00 1236.00 
Feed intake, kg/day 3.67 3.38 2.84 2.73 
Feed/gain 3.46 3.34 233 2.21 
Back-fat, mm 25.00 21.20 13.70 13.20 
Carcass length, mm 733.00 746.00 757.00 776.00 
Loin area, mm^ 136.00 135.00 153.00 168.00 
^Campbell et al., Journal of Animal Science 67(1989). 
The results of the study for the Hamp-York cross fed an 18% crude protein ration ad 
libitum are shown in Table 2.8. This study suggests that most of the benefits derived 
from pST are obtained at the 18% crude protein level and that further supplementation 
does little to enhance growth effects. 
Response of hogs to various dose levels of pST was studied by Bark et al. (1990). 
A summary of the results of experiments involving 109,110 and 48 pigs from 52 to 101kg 
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Table 2.8. Effect of pST fed with 18% CP on the growth characteristics of a 
Hamp-York cross" 
Item Control pST treatment 
Days on feed 37.00 31.00 
Average daily gain, Ibs./day 2.48 2.87 
Feed/gain 2.68 2.03 
Loin area, in.^ 5.04 5.36 
Backfat, in. 1.24 0.89 
^Nossaman et al., Purdue University, 1989. 
of body weight for doses of 30-40, 60-80, and 112-140 /ig/^g bodyweight are reported in 
Table 2.9. Results suggest increased response to increased doses of pST, at least up to 
the maximum level used for this study. 
Table 2.9. Effects of dose of pST on growth characteristics of swine® 
Daily pST dose, /ig/kg bodyweight 
30-40 60-80 112-140 
% change from controls 
Daily gain 14 17 19 
Daily feed -11 -16 -21 
Feed/gain -20 -25 -25 
Backfat -29 -41 -48 
Loin eye area 13 14 19 
'Cromwell, Feedstuffs 63:27(1991). 
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With improvements in carcass composition in hogs treated with pST, it is possible 
that hogs may be fed to heavier weights while still maintaining adequate carcass 
composition. A study by Schoup et al. (1990), considers the effects of pST on hogs fed 
to heavier weights. Ninety-two barrows were treated with 0 or 4 mg of pST per day for 
the last 48 kg of liveweight gain for two slaughter weights and three genotypes. The 
hogs were fed a 21.33 percent crude protein ration ad libitum. The impacts of pST on 
specific growth characteristics are shown in Table 2.10. 
Most striking is the result that hogs fed to heavier weights actually benefitted 
more from treatment with pST than those fed to a lighter slaughter weight. For the 
genotype selected, pST increased daily gain 7.8 and 26 percent, improved feed efficiency 
23.37 and 2634 percent, reduced 10th rib backfat 49 percent and 38 percent and 
increased loin eye area 26.8 and 15.5 percent, for light hogs and heavy hogs, respectively. 
Thus, although the carcass composition changes are not as dramatic for heavier weight 
hogs, the growth characteristics are improved significantly, suggesting that it may be 
economically feasible for producers to feed their hogs to the heavier weights. 
In an extension of the previous study Schoup et al. (1991) investigated the effects 
of pST on lean gain, lean gain efficiency, and fat gain on hogs fed to differing slaughter 
weights. Using the same animals as in the previous study, the carcasses were dissected 
to determine the carcass traits which are shown in Table 2.11. Porcine somatotropin 
treatment caused lean gain to increase 46.67 and 87.41 percent, lean gain efficiency to 
improve 76.6 and 100 percent, and fat gain to decline 58.4 and 47.17 percent for hogs 
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fed to lighter and heavier weights, respectively. As with the growth characteristics, hogs 
fed to heavier weights exhibited a greater proportional improvement in carcass 
characteristics from treatment with pST which may induce producers to feed their hogs 
to heavier weights. 
Table 2.10. Impacts of pST on swine fed to differing slaughter weights^ 
106 kg slaughter weight 127 kg slaughter weight 
Item 
pST 
treatment Control 
pST 
treatment Control 
Daily gain, kg/day 1.10 1.02 1.21 0.96 
Feed/gain 2.82 3.68 3.16 4.29 
Dry feed intake, kg/day 3.09 3.76 3.73 4.11 
Dressing Percentage, % 70.30 70.10 70.70 73.40 
Ham, kg 6.08 5.49 7.40 6.49 
Backfat, mm 15.20 30.00 21.00 34.00 
Loin area, cm^ 38.30 30.20 41.70 36.10 
^Schoup et al.. Journal of Animal Science 68:1(1990). 
Table 2.11. Effects on carcass characteristics of swine treated with pST to 
differing weights® 
106 kg slaughter weight 127 kg slaughter weight 
Item 
pST 
treatment Control 
pST 
treatment Control 
Lean gain/day, kg 0.506 0.345 0.521 0.278 
Lean gain/feed intake 0.166 0.094 0.140 0.070 
Fat gain/day, kg 0.155 0.373 0.218 0.417 
®Schoup et 2l., Journal of Animal Science 69:1(1991). 
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In addition to the growth characteristics, there are other issues associated with the 
use of pST. A study by Schams et al. (1989) addressed the possibility of residues in pork 
treated with pST. The study concluded that after treatment with pST twice weekly, there 
were no residues measurable 26-27 hours after the last injection. In addition, the fact 
that pST is a protein makes it biologically inactive either orally or parenterally in 
humans. Thus, there is little basis for health concerns in humans from the use of pST 
in hogs. 
A second consideration for consumers and meat processors is the effect of pST 
on the carcass composition and quality characteristics of meat cuts. In studies already 
cited, it was found that in general the dressing percentage of hogs treated with pST 
typically decreased by 1-2%, loin eye area increased 6-12%, and backfat decreased by 
approximately 25%. Kanis et al. (1988a) reports the effects of recombinant pST on the 
carcass characteristics of hugs slaughtered at Ught and heavy weights. Starting at 60 kg 
live weight, 48 hogs were injected with pST and 48 were injected with a placebo. At 100 
and 140 kg live weight, 24 animals of the control group and 24 animals of the pST group 
were slaughtered and dissected. Table 2.12 provides the results of the study corrected 
for carcass weight differences. Treatment with pST significantly increased weights of 
lean parts and decreased the weights of fatty parts, particularly at heavier slaughter 
weights. Thus, it appears that pST has major impacts beyond standard slaughter weights, 
which suggests animals could be fed to heavier market weights. 
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Table 2.12. Effect of pST on carcass characteristics in swine with varying slaughter 
weights' 
Item Slaughter weight = 100 kg Slaughter weight = 140 kg 
Percent change from control 
Loin +2.5 +7.0 
Ham +4.3 + 9.1 
Shoulder +5.6 + 8.6 
Belly -3.5 -2.9 
Backfat -18.3 -24.3 
Flare fat -10.9 -22.2 
Heart +2.1 + 8.9 
Kidneys + 15.1 + 15.6 
liver +4.3 +7.6 
Spleen -6.4 + 9.0 
®Kaiiis et al., Journal of Animal Science 66:1(1988). 
Kanis et al. (1988b) also explored the impacts of the use of pST on meat quality. 
Injections of pST began at 60 kg live-weight. The loin region of the musculus 
longissimus dorsi of 36 pigs slaughtered at 100 kg live weight were examined. Meat 
quality parameters were subjective scores by taste panels (tenderness, odor and taste), 
chemical composition (protein, fat and moisture percent), cooking loss percent, drip loss 
percent, instron shear force, and color. No statistically significant effects of pST 
treatment were found for any of the meat quality parameters, except color. Meat of pST 
treated hogs had a less intense red color. 
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A study by Beerman et al. (1988) primarily addressed the same issues as Kanis 
et al. (1988). Beerman et al. obtained similar results, and concluded that exogenous pST 
administration markedly reduced intramuscular lipid concentration and had no 
detrimental effect on palatability of pork. 
From these studies, a wide variation in response of hogs to pST is evident. Table 
2.13 provides the most likely results of the use of pST in swine. Two primary scenarios 
are presented: one with changes to typical hogs, and one with changes for hogs fed to 
heavier slaughter weights (285 pounds vs. 240 pounds). The primary changes are on feed 
efficiency, daily gain, crude protein content of the ration, and the amount of lean meat 
produced. The impacts on feed efficiency and the change in ration crude protein 
combine to reduce the total amount of feed required to finish the hog to slaughter 
weight, but as com use declines additional soymeal is required to achieve the higher 
level of crude protein necessary to effectively use pST. The dressing percentage 
decreases because of increases in bone mass, skin, and organs. The increase in lean 
meat is due to reduction in fat content as well as the increase in lean itself. 
To summarize, pST has been found to be effective for enhancing growth and 
carcass composition of hogs. However, it is necessary to administer pST via injection 
or implant since it is rendered inactive in the stomach. In addition hogs may require 
several treatments over the period of use. It is necessary to feed a higher crude protein 
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diet or lysine supplemented diet to obtain the maximum performance in hogs treated 
with pST. Porcine somatotropin has been found to have no adverse effect on meat 
quality, and reduced the lipid content of meat substantially. 
Table 2.13. Most likely production efficiency changes in swine treated with pST 
Production characteristic 
Change from base 
(typical weight) 
Change from base 
(heavy weight) 
Crude protein +3.00% +3.00% 
Feed efficiency +25.00% +12.00% 
Ration 
Com -55.81 lbs. -48.82 lbs. 
Soymeal +2.15 lbs. + 26.37 lbs. 
Dressing percentage -1.00% -1.00% 
Retail lean meat + 11.00% + 9.00% 
Beta-agonist Effects on Smne Production 
Beta-agonist (or S-agonist) is a term used to describe those compounds which 
bind fi-adrenergic receptors of cells; this includes the naturally occurring catecholamines 
and their analogs. Catecholamines, which include dopamine, norepinephrine and 
epinephrine, function in the animal body as hormones or as transmitters of impulses in 
the nervous system. Several analogs of norepinephrine have been synthesized and tested 
for biological activity in swine. 
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More recently, ractopamine has been synthesized, and resulted in increased 
muscle mass, decreased adipose tissue (fat) mass, and increased average daily gain. The 
mechanism of growth improvement involves synthesis and degradation of protein in 
muscle cells and synthesis and degradation of triglycerides in fat cells of adipose tissue. 
The mass of adipose tissue is determined by the number of fat cells. Therefore, any 
factor of endogenous or exogenous origin that controls cell division of fat cells and the 
accumulation or depletion of triglyceride within the fat cell will function as a partitioning 
agent during animal growth. The precise mechanisms by which the S-agonists control 
adipose tissue growth have not been determined, and may never be known. Major 
effects relate to control of triglyceride content of individual fat cells. Both increased 
rates of triglyceride biosynthesis and increased rates of triglyceride degradation have 
been shown. Furthermore, interaction of S-agonists affect the action of other hormones 
that regulate triglyceride metabolism in fat cells. 
In addition to the direct impacts on muscle, adipose tissue and hormonal activity 
already outlined, there are many possible ways in which an orally administered S-
adrenergic agonist could affect growing swine. The mechanism for a given fi-adrenergic 
agonist will most likely be a mosaic effect involving both positive and negative effects 
on many tissues. Depending on the specificity of the agonist, there could be direct 
effects on adipose tissue or muscle, increased or decreased blood flow to the specific 
tissues, changes in circulating concentration of one or many metabolic hormones and 
central nervous system effects including change in appetite. Given one, or more likely 
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several, of these direct effects a variety of indirect effects will result, yielding altered 
metabolic function in a variety of tissues. 
Unlike the somatotropins, S-agonists have the favorable characteristic of being 
orally active. Thus, they can be administered as feed additives. However, this raises 
concern regarding overall safety since residues may occur in the meat products and may 
affect the approval for use in meat animals. At this time, none of the norepinephrine 
analogs is approved for use in pigs, cattle, poultry or sheep. 
Several studies on the impacts of ractopamine on growing swine have been 
conducted in recent years. Only studies which provide unique results and methods will 
be cited to avoid duplication. 
One of the most comprehensive studies of the impacts of ractopamine on hogs 
was by Prince et al. (1987). In this study, six lots of 17 or 18 pigs were treated with 0.0, 
2.5, 5.0, 10.0, 20.0, or 30.0 parts per million (ppm) of ractopamine. The ration 
formulation for each treatment was held constant. Tables 2.14-2.15 provide the results 
of this study. At the 10 ppm dosage of ractopamine, daily gain increased 5 percent, daily 
feed intake decreased 5 percent, and feed efficiency improved 10 percent. Table 2.15 
reveals that at the 10 ppm level of ractopamine dressing percent is unchanged, carcass 
length is nearly unchanged, leaf fat is decreased 18.6 percent, backfat is increased by 3 
percent, 10th rib fat is decreased by 14 percent, 10th rib loin eye is increased by 15 
percent, and estimated muscle is increased by 6 percent. The scores of palatability are 
nearly unchanged fi-om the control group. 
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Table 2.14. Effects of ractopamine on the growth performance of swine' 
Ractopamine Dosage (ppm) 
Item 0 2.5 5 10 20 30 
Initial weight, lbs. 141.00 141.00 141.00 140.00 140.00 142.00 
Final weight, lbs. 220.00 226.00 227.00 225.00 225.00 222.00 
Daily gain, Ibs./day 2.03 2.18 2.20 2.13 2.17 2.03 
Feed intake, Ibs./day 6.84 7.13 6.83 6.49 6.64 3.05 
Feed/gain 3.39 3.27 3.10 3.04 3.05 3.10 
'Prince et al., Journal of Animal Science 65:1(1987):301. 
Table 2.15. Carcass measurements of hogs fed varying levels of ractopamine' 
Ractopamine 
dosage (ppm) 
Item 0 2.5 5 10 20 30 
Slaughter wt., lbs. 226.00 232.00 229.00 230.00 226.00 227.00 
Carcass wt., lbs. 161.00 166.00 164.00 164.00 164.00 165.00 
Dressing percentage 71.40 71.40 71.70 71.40 72.60 72.70 
Carcass length, in. 31.70 31.70 3130 31.50 31.20 31.00 
Leaf fat, lbs. 3.12 3.28 2.95 2.54 2.73 2.82 
Backfat, in. 1.06 1.13 1.10 1.09 1.10 1.06 
10"" rib fat, in. 0.99 1.02 0.96 0.85 0.86 0.85 
10'" rib LEA, in.^ 5.05 5.27 5.71 5.79 5.76 5.77 
Muscle percent 50.30 50.60 52.20 53.40 53.20 53.30 
Muscling score 3.80 3.90 3.90 4.10 430 4.40 
Color score 2.40 2.40 2.20 2.40 2.00 2.20 
Marbling score 1.60 1.60 1.60 1.50 1.80 1.80 
Firmness score 2.60 2.80 2.60 2.50 2.50 2.80 
'Prince et zl.. Journal of Animal Science 65:1(1987). 
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Crenshaw et al. (1987) also studied the impacts of ractopamine on the carcass 
composition of swine. In this experiment, 144 finishing swine initially weighing 65 kg 
were fed diets with 0, 2.5, 5, 10, 20, and 30 ppm ractopamine and slaughtered at the 
average pen weight of 107 kg. Table 2.16 provides the results of the three highest levels 
of ractopamine dosage on the growth and c&rcass composition of hogs. These results 
indicate that at the 20 ppm level of ractopamine, daily gain increased 4 percent, feed 
intake decreased 5 percent, feed efficiency improved 8 percent, backfat decreased 8 
percent, loineye area increased 6 percent, carcass lean increased 10 percent, and carcass 
fat decreased 17 percent. 
Table 2.16. Effect of dietary ractopamine on finishing swine® 
Ractopamine dosage (ppm) 
Item 0 10 20 30 
Gain, kg/day 0.84 0.86 0.87 0.83 
Feed intake, kg/day 3.11 2.95 2.96 2.88 
Feed/gain 3.73 3.45 3.44 3.50 
10th rib backfat, cm 2.41 2.26 2.21 1.98 
Loineye area, cm^ 36.39 38.26 38.71 39.94 
Carcass lean, % 51.50 na 56.80 na 
Carcass fat, % 29.20 na 24.10 na 
'Crenshaw et ai., Journal of Animal Science 65:1(1987). 
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A further study by Anderson et al. (1989a) addressed the issue of the effect of 
starting weight differences with the use of ractopamine on the growth and carcass 
composition of finishing pigs. In the experiment, 140 crossbred pigs were administered 
0 and 20 ppm ractopamine starting at weights of 46, 59 and 72 kg. A 16% crude protein 
com-soymeal diet was fed. Pigs in each treatment were slaughtered at 106 kg. The 
percent response for gain and efficiency in the 46,59 and 72 kg groups were 4.3, 8.0 and 
14.0, and 8.3, 11.2 and 15.9, respectively. Thus, the results show that in terms of both 
gain and feed efficiency, hogs administered ractopamine at a heavier starting weight had 
a greater response to the treatment. At 46, 59 and 72 kg starting weight, dressing 
percentage increased, 1.6, 1.6, and 1.1 percent, 10th rib loineye area increased 16, 14, 
and 14 percent, and 10th rib fat decreased 15, 13, and 11 percent, respectively. The 
results show that ractopamine gave larger percentage improvements in growth 
performance as starting weight increased. Ractopamine improved carcass composition 
in all treatment groups with a trend for more improvement in pigs fed for a longer 
duration. 
Another study by Jones et al. (1988) attempted to determine the optimal level of 
crude protein to be fed with ractopamine. In this experiment, 8 pens per treatment with 
40 pigs per pen at a starting weight of 65 kg were administered either 0 or 20 ppm of 
ractopamine with levels of crude protein including 16, 20 and 24 percent (Table 2.17). 
Hogs were slaughtered when the average weight of the treatment group was 105 kg. 
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Table 2.17. Effect of ractopamine on swine fed varying levels of crude protein® 
16% Crude 20% Crude 24% Crude 
protein protein protein 
Item 0 ppm 20 ppm 0 ppm 20 ppm 0 ppm 20 ppm 
Daily gain, kg 0.80 0.88 0.81 0.95 0.77 0.87 
Feed intake, kg/day 2.81 2.54 2.76 2.62 2.69 2.51 
Feed/gain 3.51 2.90 3.40 2.76 3.50 2.88 
Dressing percent 74.50 75.30 73.80 75.10 73.30 75.30 
Leaf fat, kg 1.16 0.91 1.08 0.80 1.09 0.74 
10th rib fat, cm 2.41 1.88 2.31 1.80 2.40 1.81 
10th rib loineye, cm^ 35.20 39.50 34.60 40.30 34.00 40.00 
Fat free muscle, % 51.60 55.20 51.70 55.70 51.20 55.60 
'Jones et al., Journal of Animal Science 66:1(1988). 
In Table 2.17, most of the impacts imparted by ractopamine administration were 
obtained at the 16% crude protein level. Marginal advantage is gained from increasing 
the protein levels to 20 or 24 percent of the ration. At the 16% crude protein level, 
average daily gain increased 10 percent, feed intake decreased 10 percent, feed efficiency 
improved 17 percent, dressing percentage increased 1 percent, leaf fat decreased 22 
percent, loineye area increased 12 percent and fat free muscle increased 7 percent. In 
summary, this study establishes that most of the benefits from feeding ractopamine can 
be achieved with a 16% crude protein ration, and higher levels of crude protein are not 
required. 
38 
The effects of ractopamine on pigs representing genotypes with a low and high 
capacity for lean tissue growth were evaluated by Bark et al. (1989). Within each 
genotype, two Utter-mate barrows from each of eight litters were individually penned and 
self-fed a lysine supplemented, com-soymeal based diet (16.6% crude protein and .95% 
lysine) containing 0 or 20 ppm of ractopamine from a live weight of 63 to 104 kg. Table 
2.18 provides the results of this experiment. The results indicate that in hogs with high 
lean tissue growth capacity, daily gain increased 10 percent, feed efficiency improved 15 
percent, carcass muscle mass increased 14 percent and backfat decreased 28 percent. 
The magnitude of improvement in carcass muscle mass and lean tissue accretion 
resulting from ractopamine use was greater in pigs with high versus low lean tissue 
growth capacity, 
A recent study by Williams et al. (1991) examined the effect of ractopamine on 
the growth of swine over time. Ractopamine increased growth rapidly at the onset of 
feeding, until a plateau was reached after which there was a linear decline in the degree 
of response. 
A recent study by Gu et al. (1991a), examined the effects of ractopamine, 
genotype and growth phase on finishing performance and carcass merit in swine. 
Barrows were fed an 18% crude protein ration (.95% lysine) with 0 or 20 ppm 
ractopamine. Five genotypes were used and three growth phases were considered. 
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Table 2.18. Effect of ractopamine fed to hogs with varying genotype® 
Low lean tissue growth High lean tissue growth 
genotype genotype 
Item Control 
Ractopamine 
(20 ppm) Control 
Ractopamine 
(20 ppm) 
Daily gain, g/day 629.00 678.00 891.00 979.00 
Feed/gain 4.28 3.88 3.25 2.77 
Carcass yield, % 75.00 74.90 71.60 71.50 
10th rib backfat, cm 7.15 6.52 2.76 2.00 
Loineye area, cm^ 20.80 25.80 32.70 40.80 
Estimated Muscle, kg 2920 32.20 39.50 45.00 
Carcass LT gain, g/day 126.00 169.00 280.00 398.00 
Carcass FT gain, g/day 325.00 297.00 342.00 220.00 
®Bark et al., Journal of Animal Science 67:2(1989). 
The growth phase analysis is of particular interest and is presented in Table 2.19. The 
three growth phases examined were from 59-99.9, 72.6-113.5, and 86.3-127.1 kg 
liveweight. Since the control obviously does not represent the varying growth phases, it 
is not possible to directly compare the effects of ractopamine over the growth phases. 
However, it appears that for the heavier phase of growth ractopamine had limited effects 
on all factors, and was evidently not able to counteract the negative growth 
characteristics which occurred at these heavier weights in typical hogs. Thus, it would 
appear that it may not be beneficial to feed ractopamine to heavier weight hogs as it 
would be with pST. 
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Table 2.19. Effects of ractopamine fed to swine during various growth phases® 
Growth phase 
Control (treatment 20 ppm ractopamine) 
Item 59.0-99.9 kg 72.6-113.5 kg 86.3-127.1 kg 
Daily gain, g 960.00 988.00 1000.00 927.00 
Feed/gain 3.28 2.97 3.19 3.52 
Fat standardized lean, kg 38.70 36.20 40.60 44.00 
Percent FSL 48.10 51.30 50.00 47.80 
Loin area, cm^ 32.60 32.30 34.20 35.50 
Backfat, cm 3.35 2.85 3.26 3.66 
Dressing Percent 74.50 74.50 75.40 75.50 
®Gu et al,, Journal of Animal Science 69:1(1991). 
Gu et al. (1991) extended the previous study to examine the effects of 
ractopamine on the primal meat cuts from swine. The effects of ractopamine on the 
lean increase for all cuts was significant. Although heavier pigs had greater lean weight, 
their lean percentages were lower. 
In summary, the effects of the S-agonist compounds are very similar to those of 
the somatotropins. While the rate of growth and feed efficiency improvements are not 
as large as with pST, ractopamine exhibits a greater capacity for repartitioning growth 
to lean meat rather than to fat tissue. Ractopamine has the additional advantage that 
it can be administered in feed. However, its oral activity may also require a short 
withdrawal period prior to slaughter. Feed rations may require a higher crude protein 
level with the use of ractopamine, but the required level is not likely to be as high as 
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with pST. Wliereas pST increases the growth of all components of the hog, and may 
decrease dressing percentages, ractopamine has little effect on organs, bone and skin and 
may increase dressing percentage. 
Jones et al. (1989) investigated the additive effects of pST and S-agonists in a 
study in which pigs were fed ractopamine at a level of 10 ppm, and injected with pST 
at a dose of 60 /xg/kg of bodyweight per day. Forty-five pigs were treated beginning at 
a weight of 68 kg and slaughtered at a weight of 125 kg, and fed a ration containing 20 
percent crude protein. The results are shown in Table 2.20. 
Table 2.20. Additive effects of ractopamine and pST on finishing pigs® 
Item Control Ractopamine pST Ractopamine+pST 
Daily gain, kg 0.88 0.94 1.01 1.03 
Feed/gain 3.56 2.80 2.84 2.66 
Backfat, cm 3.59 2.89 2.95 2.41 
Loin eye area, cm^ 34.30 45.80 41.50 47.20 
®Jones et al., Journal of Animal Science 67:1(1989). 
The combination of ractopamine and pST increased daily gain 17 percent, feed efficiency 
improved 25 percent, backfat decreased 33 percent, and loin eye area increased 38 
percent. These changes are greater than with either growth promotant administered 
alone, which suggests that using them in tandem may produce even more dramatic 
growth and carcass composition benefits. 
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As with pST there is a wide variation of results obtained from treated hogs with 
S-agonists. For scenario analysis it is necessary to determine 'most likel/ impacts S-
agonists will have in hog production. Table 2.21 provides the most likely estimates which 
will be used for scenarios. Included are the most likely estimates for hogs treated with 
S-agonists alone, and for hogs treated with a combination of S-agonists and pST as 
suggested by Jones. These changes will be utilized for scenario analysis. 
Table 2.21. Most likely production efficiency changes in swine treated with S-
agonists and S-agonists in combination with pST 
Production characteristic 
Change from base 
(S-agonist) 
Change &om base 
(S-agonist + pST) 
Crude protein +2.00% +4.00% 
Feed efficiency +15.00% +25.00% 
Ration 
Com -23.54 lbs. -55.81 lbs. 
Soymeal -4.57 lbs. + 2.15 lbs. 
Dressing percentage + 1.00% 0.00% 
Retail lean meat + 12.00% +35.00% 
Bovine Somatotropin Effects on Beef Production 
Just as exogenously administered porcine somatotropin in hogs has effects on 
growth and carcass composition, exogenously administered bovine somatotropin has 
growth and carcass composition effects in beef. The analogy between porcine and 
bovine somatotropin is nearly perfect. However, it may not be necessary to change the 
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ration for beef cattle treated with bST. This may be because bST causes the rumen to 
more efficiently utilize excess energy generally wasted in the rumen. While a great deal 
of attention has focused on the impacts of bST on milk production by dairy cows, less 
research has been conducted on the implications for beef production. Following is a 
summary of those studies which have examined the use of bST in beef production. 
In a study by Wolfrom and Ivy (1988) nine Angus steers were injected daily with 
0, 18 or 36 milligrams of bST beginning at a weight of 360 kilograms. Results indicated 
that daily gain increased 117 and 151 percent, and that feed efficiency improved 46 and 
54 percent for steers treated with 18 and 36 mg of bST respectively. 
Early et al. (1988) injected steers with 25 mg/day bST at a starting weight of 231 
kg for a period of 112 days. Average daily gain of bST treated steers (1.39 kg/day) was 
15% greater than control steers (1.21 kg/day). Feed intake was imaffected by bST. 
Consequently, feed efficiency was improved for bST treated steers, but was not reported. 
Bovine somatotropin decreased dressing percentage 4 percent (51.8% for bST treated 
steers versus 53.8% for controls), but did not affect carcass weight. Weight gains of 
bone and lean muscle in the hip, loin, ribs, chuck, brisket, plate and shank relative to an 
initial slaughter group were unaffected by bST. However, weight gains of subcutaneous 
fat in the hip and loin of bST treated steers was 23 percent lower (2.41 kg) than for 
saline treated animals (3.13 kg). Fat deposition in other tissues of the carcass were not 
significantly affected by bST. Furthermore, only modest effects were observed on the 
carcass fat composition. 
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A study by Wagner et al. (1988) investigated the effects of bST on fifty-eight 375 
kg beef steers which were injected with 960 mg of bST on the first day on trial and every 
14 days thereafter. The duration of the study was 140 days, after which the cattle were 
slaughtered and carcass composition was evaluated. Table 2.22 provides a summary of 
the results. 
Table 2.22. Effect of bST on growth and carcass composition of beef cattle^ 
Item Control bST treatment Percent change 
Daily gain, kg 1.25 1.37 9.60 
Daily feed, kg 8.50 7.70 -9.40 
Gain/feed 0.15 0.18 22.80 
Dressing percentage 63.00 61.10 -3.00 
Protein, kg 41.00 45.00 9.75 
Fat, kg 103.00 78.00 -24.30 
Bone, kg 49.00 54.00 10.20 
"Wagner et al., Journal of Animal Science 66:1(1988). 
A less detailed study of the impacts of bST on body weight gains was completed 
by Fabry et al. (1987). Nineteen Belgian White Blue heifers with an average body 
weight of 439 kg were placed in a control group and injected with saline, others were 
treated with bST at a dosage of 50 /xg/kg body weight by daily injection for 18 weeks. 
Average daily gain for the 18 weeks of treatment was increased 24 percent with the use 
of bST. 
A recent study by Dalke et al. (1991) provides the most comprehensive assessment 
of the impacts of recombinant bST on the growth and carcass characteristics of feedlot 
steers. One hundred twenty crossbred steers weighing approximately 377 kg were fed 
a high concentrate ration (3.7 Meal DE/kg, 11.5% CP) based on com, com silage, alfalfa 
and supplemented with soybean meal or com gluten and blood meal. The steers 
received either a 0,40,80 or 160 mg bST subcutaneous implant weekly. The steers were 
slaughtered at either 96, 103 or 110 days of treatment. Growth and carcass effects are 
shown in Table 2.23. The effects seem to be most pronounced at the 160 mg/week bST 
per week level where feed efficiency improved 11.65 percent, daily gain increased 5.92 
percent, feed intake decreased 6.95 percent, carcass weight increased 1.81 percent, ribeye 
area increased 4.22 percent, and backfat decreased 21.42 percent. Most of the quality 
standards are somewhat lower for the treatment group than for the control group. 
A study by Moseley et al. (1992) provides a comprehensive overview of studies 
of the impacts of bST in beef cattle production, as well as providing results of a study 
conducted by the authors. Moseley et al. administered daily injections of bST to 96 
crossbred beef steers weighing an average of 393 kg at the outset. The injections were 
given at levels of 0, 33, 100, or 300 /xg/kg body weight. In a second experiment 200 
crossbred steers with a starting weight of 417 kg were injected at levels of 0, 8.25, 16.5, 
33, or 60 /xg/kg body weight. Injections were administered in experiment 1 until steers 
reached an average live weight of 540 kg and in experiment 2 until steers reached an 
average live weight of 560 kg. An 86% concentrate, 14% roughage ration was fed daily 
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to all animals. For experiment 1, average daily gain differed by +7.9 percent, -7.0 
percent, and -37.7 percent for steers treated with 33, 100, and 300 pig/kg bST, 
respectively. Similarly, feed efficiency for treated steers differed by +12.1, +6.8, and 
-35.5 percent, by dose level. Longissimus muscle areas of 33 bST, 100 bST, and 300 bST 
steers increased 7.4, 7.2, and 6.6 percent over controls, respectively. Backfat thickness 
at the 12th rib was reduced 9.3, 28.4, and 62.4 percent, respectively. Experiment 1 
suggests that the optimum dose level for bST would be 33 pg/kg bodyweight, and further 
that at higher levels, the performance of steers is actually reduced. 
Experiment 2 used slightly heavier steers, and the dose levels were reduced to 
levels of 8.25, 16.5, 33, and 66 /ig/kg live weight. The following results are reported 
corresponding to the order of treatment. Average daily gain for treated steers differed 
by -1.0, +9.0, +10.8, and -3.7 percent from control steers, and feed conversion efficiency 
was increased by 5.5, 12.6, 15.1, and 9.7 percent for each of the control groups. 
Longissimus muscle increased 4.1,7.8, 8.8, and 7.0 percent for treated animals, and 12th 
rib backfat decreased 6.0, 6.5,4.7, and 22.8 percent for the respective treatment groups. 
In both experiments it appears that the optimum dose of bST is 33 fig/kg body weight 
of bST. 
To develop scenarios, it is necessary to establish the most likely impacts of bST 
on beef production. Table 2.24 provides the most likely technical estimates which will 
be used for bST scenarios. Due to the limited information on bSTs effects on beef 
cattle, only one set of scenarios will be developed. 
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Table 2.23. Effects of rbST on growth and carcass characteristics of feedlot steers® 
Dosage rbST (mg/wk) 
Item 0 40 80 160 
Feed/Gain 6.18 5.90 5.85 5.46 
Growth rate, kg/day 1.69 1.68 1.71 1.79 
Feed intake, kg/day 10.50 9.94 10.07 9.77 
Hot carcass weight, kg 331.00 331.00 336.00 337.00 
Ribeye area, cm^ 80.60 83.50 82.60 84.00 
Backfat, cm 1.40 1.40 1.40 1.10 
Marbling score 5.10 4.90 4.60 4.40 
Quality grade 7.00 6.90 6.40 5.80 
Yield grade 3.10 2.90 3.00 2.60 
Dressing percent 60.10 60.80 60.60 60.20 
®Dalke et al.. Journal of Animal Science 69:1(1991). 
Table 2.24, Most likely production efficiency changes in beef treated with bST 
Production characteristic Change from base 
Feed efficiency +15.00% 
Ration 
Com -225.89 lbs. 
Com silage -308.03 lbs. 
Dressing percentage -3.00% 
Retail lean meat +10.00% 
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As shown by the studies cited, the impact bST has on the growth characteristics 
of beef cattle is very similar to the effects of pST on hogs. However, due to the limited 
research on the impacts of bST in beef cattle, there is little information regarding the 
impacts on the carcass composition and the effects on the quality of the meat from beef 
cattle treated with bST. However, based on the results from the studies in pork, it can 
be assumed that little change occurs in palatability of the meat. 
Beta-agonist Effects on Beef Production 
As in pork, beta-adrenergic agonists have impacts on the growth and carcass 
composition of beef. However, whereas in pork ractopamine is reportedly the only beta-
agonist being developed for commercial use, at least three are being developed and 
experimentally tested in beef. The three primary beta-agonists are clenbuterol, 
ractopamine and L-644,969. S-agonists in beef are orally active so they may be 
administered as feed additives. However, since the three S-agonists have varying effects 
on beef, the impacts of all three will be considered. Only the more pertinent studies will 
be included here to provide only the essential information. 
A study by Duquette et al. (1987) evaluated the effect of the S-agonist L-644,969 
on performance and carcass composition of steers. Seventy-two Friesian steers with an 
average initial weight of 380 kg were fed a pelleted concentrate ration containing 0,0.25, 
1 or 4 ppm L-644,969 for 12 weeks. L-644,969 performed the best at a dosage of 1 ppm 
where carcass weight increased 12 percent, average daily gain increased 26 percent and 
49 
feed effîcieacy improved 33 percent compared to controls. In addition, treated animals 
were reported to have increased longissimus dorsi area, decreased backfat thickness, and 
improved carcass composition. 
The effect of ractopamine on carcass composition and growth performance of 
slaughter weight steers was reported by Anderson et al. (1989b). In the study, all steers 
received Rumensin* and were implanted with Compudose* both of which are commonly 
used by commercial feedlots. Treatment groups were fed 10, 20, 40, 60 and 80 ppm 
ractopamine. The results of the study are provided in Table 2.25. At the 80 ppm dose 
of ractopamine, daily gain increased 17 percent, feed efficiency improved 18 percent, 
yield grade and quality grade both declined, 9-10-11th rib fat percent decreased 10 
percent, and 9-10-11th rib protein increased 10 percent. 
Although there are few pubUshed reports on the impacts of beta-agonists on beef 
cattle, personal interviews with companies developing these products yielded a consensus 
of the expected impacts of beta-agonists. Since the information from firms is 
proprietary, only the aggregate results are presented. They suggest that S-agonists can 
be expected to increase daily gain 13 percent, improve feed efficiency 15 percent, 
increase muscle mass 25 percent, and decrease fat mass 20 percent. The assumed 
production efficiency impacts of S-agonists in beef, which will be used for the simulations 
in Chapter 13, are shown in Table 2.26. 
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Table 2.25. Effect of ractopamine on growth and carcass composition of beef 
cattle* 
Ractopamine level (ppm) 
Item 0 10 20 40 60 80 
Daily gain, kg/day 1.43 1.51 1.54 1.54 1.56 1.67 
Feed/gain 531 5.15 4.93 4.91 4.80 4.42 
Yield grade 3.23 2.94 2.62 2.71 2.69 2.38 
Quality grade 10.90 10.90 11.20 11.10 10.90 10.40 
9-10-llth rib fat, % 42.60 42.50 40.50 40.60 38.90 38.40 
9-10-11th rib protein, % 13.20 13.60 13.80 14.00 14.20 14.50 
"Anderson et al., Journal of Animal Science 67:1(1989). 
Table 2.26. Most likely production efficiency changes in beef treated with S-
agonists 
Production characteristic Change from base 
Feed efficiency + 15.00% 
Ration 
Com -264.20 lbs. 
Com silage -360.24 lbs. 
Dressing percentage 0.00% 
Retail lean meat + 10.00% 
Avian Somatotropin Effects on Broiler Production 
To date, few studies of the use of somatotropins to stimulate growth in broilers 
can be found in the scientific literature. This is likely due to the limited potential for 
commercial use of a product which must be injected daily in broilers. 
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Vasilatos-Younken et al. (1988) investigated the effects of intravenously injected 
pituitary derived chicken growth hormone on broilers. Hubbard x Hubbard pullets were 
injected with cGH from 8 to 11 weeks of age in either a pulsatile or continuous pattern. 
Overall, cGH had no significant effect on growth rate or feed intake but improved feed 
efficiency 0.35 percent. Carcass yield parameters generally did not differ, however, cGH 
was associated with a 16 percent increase in carcass moisture and a 31 percent decrease 
in carcass lipid content. 
In a further study by Cravener et al. (1989) Hubbard x Hubbard cross pullets were 
fed a 30 percent crude protein ration, and were continuously infused with cGH. 
Beginning at 2 weeks of age a 50 piL dose was administered over a 60 minute period 
every 72 minutes for a total volume of 1 milliliter per day. To summarize the results, 
weekly gain increased 1.6 percent, weekly feed intake increased 0.93 percent, and thus 
feed efficiency increased approximately 0.58 percent. Also, carcass weight declined 1.2 
percent and fat decreased 3.3 percent. 
Another study by Cogbum et al. (1989) examined the impacts of cGH with and 
without the use of dietary thyroid hormone. Daily injection of cGH did not affect 
growth or body composition. Dietary thyroid hormone alone reduced body fat content 
by about 17 percent, whereas the combination of dietary thyroid hormone with cGH was 
more than twice as effective. This suggests that although the use of cGH may not be 
effective, the use of a dietary thyroid hormone may hold promise for use in broiler 
production. 
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Beta agonist Effects on Broiler Production 
As with cGH, few studies exist with respect to the use of beta-agonists in broiler 
production. The mode of action and method of administration is the same as with hogs 
and beef cattle making it a more likely candidate for commercial use in broiler 
production than cGH. 
Merkley and Cartwright (1987) reported that at .25 ppm of beta-agonist fed 
starting at 4 weeks of age and ending at 4, 6, 8, 10, 12 and 16 weeks there was no 
significant difference in live weight, skeletal growth, carcass yield, or liver weights. 
However, carcass lipid was 7.8 percent less than for controls in the 16 week old group. 
Meanwhile, Rickes et al. (1987) evaluated the beta-agonist L-644,969 for effects 
on performance and carcass composition in Peterson x Arbor Acre broiler chickens. The 
birds were housed by gender and fed diets containing 0, 0.25, 1 and 4 ppm of L-644,969 
during the final 21 days of a 49 day grow-out period. At the 0.25 and 1 ppm level, 
weight increased 2.9 and 1.2 percent, respectively, and feed efficiency improved 1.5 and 
1.4 percent, respectively. Carcass protein also increased 5.1 and 6.0 percent for the 0.25 
and 1 ppm treatment levels. However, carcass fat was unaffected by the treatment. 
In addition to these reported studies, an interview with a private firm developing 
a S-agonist for use in broilers suggested that daily gain may increase by 3 percent while 
feed efficiency increased 2-4 percent. It is not possible to reference this source due to 
the proprietary nature of the information. 
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Summaiy 
The two most promising growth promotants currently under development are the 
somatotropins and the beta-adrenergic agonists. Both types impart dramatic effects on 
growth, feed efficiency and carcass composition in pork and beef, and somewhat smaller 
effects in chicken. Somatotropins are species specific and require administration by 
injection for effectiveness. In addition, some evidence suggests it may be necessary to 
feed higher crude protein rations to maximize the potential of somatotropins. Beta-
agonists such as ractopamine and 1^644,969 are not species specific, and may be 
administered as a feed additive. Evidence also suggests that feeding a higher crude 
protein ration may be beneficial when using the beta-agonists. However, as a result of 
S-agonists' oral activity, it may be necessary to observe withdrawal periods prior to 
animal slaughter. Somatotropins likely will not require a withdrawal period. At least 
one study suggested that a synergy may exist between somatotropins and beta-agonists 
so that even greater effects may be induced by using them in combination. Most likely 
technical impacts of somatotropins and S-agonists were developed which will be used for 
the simulation of the economic impacts the use of growth promotants. 
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CHAPTER 3. CONCEPTUAL ECONOMIC IMPACTS 
Growth promotants represent a change in the technology set available to livestock 
producers. This change for individual producers ultimately results in changes in 
aggregate production levels and market prices. Price and production changes will 
directly affect processors and consumers. However, as shown in Chapter 2, the use of 
growth promotants also changes the composition of meat products. This may have direct 
consequences on consumer preferences and therefore, demand. The objective of this 
chapter is to outline the expected economic changes at both the producer and consumer 
levels. Producer adoption and diffusion of technology change and consumer preferences 
will be considered briefly, but more detailed assessments will be considered in later 
chapters. 
Producer Consequences of Growth Promotants 
The economic impacts of a livestock production technology change, such as 
growth promotants, originate at the producer level. The producer is concerned with 
optimizing production efficiency with the given technology set and available resources. 
In a competitive industry, which the livestock industry resembles, a single producer's 
decision or a small number of producers' decisions to adopt a new technology are not 
expected to impact aggregate market conditions. However, if many producers formulate 
similar decisions to adopt a new technology, the aggregate economic impacts will be 
large enough to affect market prices. In what follows the dynamic economic 
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consequences of a technology change are outlined, beginning at the producer level and 
progressing to the market level. 
The production function for the farm enterprise provides the description of the 
technical relation between output produced from the given inputs and the available 
technology set. If y is the quantity output and x is a vector of inputs, the production 
function is simply specified as: 
(3.1) y = f(x) 
and y is the maximum level of output given a level of inputs. Several assumptions 
underlie a well behaved production function, including: 
1) f(x) is continuous and twice differentiable. 
2) f(x) is strictly increasing in x. 
3) f(x) is concave. 
4) output requires a non-zero input. 
5) all non-negative output levels are producible. 
6) outputs and inputs are strictly positive. 
The input bundles and levels are dictated by the underlying technology. The 
specification of a time series of production assumes that technology is constant over 
time. However, it is easily observable that technology does change over time. To 
account for technical change, one tractable analytical solution is to assume that technical 
change represents a shift in the production function over time. Thus, a stable 
relationship is assumed to exist between output, inputs and time and represented as: 
(3.2) y = f(x,t) 
and technical change is measured by how output changes as time elapses with the input 
bimdle held constant. 
However, as with many other technologies, growth promotants do not fit this 
paradigm. In order to employ the technology, at least the growth promotant itself must 
be included in the input bundle so that the input bundle is not constant. Secondly, the 
mix of other inputs may change. In hogs the use of pST requires a higher crude protein 
ration which will likely lead to substitution of soybean meal for com. The requirement 
of a new input is referred to as an embodied technical change. In this case, the 
production function has changed such that = f(Xt,t) is the initial production function, 
and yj = f(xT,t) is the production function with the new input bundle, so x, and x^ are 
not the same. 
The case of substitution of inputs due to a technical change is explained by the 
concept of Hick's neutrality. Under this concept, a technology is neutral if the passage 
of time does not affect the marginal rate of technical substitution. That is, the isoquant 
may shift, but the relative proportion of inputs must not change (Figure 3.1). So, 
technical change is Hicks neutral only if the production function can be specified as: 
(3.3) y = f(e(xi, Xz), t). 
In much of the technical change literature, the objective has been to measure 
technical change which has occurred. In this study, the objective is to assess a priori the 
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Figure 3.1. Hicks neutral technical change 
expected impacts of technical change, and follow its expected impacts through a dynamic 
system. 
The extension of the technical impacts to economic impacts begins at the 
producer level with specification of the cost function which attaches prices to the 
production process. The cost function is generally specified as: 
(3-4) C(w,y) = (w'x : y i fix)) 
where, C(w,y) is the cost function, wis a vector of input prices coinciding with the vector 
of inputs X, and y is a vector of outputs. Now, assume that a new technology has been 
implemented. This implies that either the same output can be produced mth fewer 
58 
inputs or that the same level of inputs as used prior to the technology can be used to 
produce more output. If this were not the case, the technology would not be adopted 
since no advantage would be gained. It is obvious then that if fewer inputs can be used 
to produce the same output, and the input prices remain constant, the cost under the 
new technology is less than the cost under the old technology. Although it is possible 
to have a cost increasing technology, this is irrelevant because producers would never 
adopt such a technology. Now, given that C(w,y) represents the cost function with a new 
technology, and C(w,y) represents the original cost function, it is apparent that with the 
new technology, C'(w,y) < C(w,y) if the output level is constant, and hence, C(w,y)/y 
< C(w,y)/y. That is, the average cost of production has declined. This shift in average 
cost is represented in Figure 3.2. 
$ 
Figure 3.2. Average cost change 
Y 
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To this point, the changes in the production function, isoquants, and cost function 
have been considered, but it is not yet clear how the producer responds to these changes. 
In order to motivate the producer's response, it is necessary to develop the profit 
function The profit function is defined as; 
(3j) 
[pfix) - w'x] 
^ \py - w'x : y =fix)] 
t(p.w) = \P7 - C(w,y)] 
with the following properties: 
1) convex in p and w. 
2) linearly homogeneous in p and w (i.e., 7r(Xp,A.w) = A.?(p,w)). 
3) non-decreasing in p and non-increasing in w. 
4) continuous in p and w. 
5) Hotelling's lemma: 37r(p,w)/3p = y(p,w) and 37r(p,w)/8wi = -Xj(p,w). 
Also, from the first order conditions of the profit function, the profit maximizing 
condition is: 9ir(p,w)/^ = p - 0C(w,y)/^ = 0. This represents the economic principle 
that profit maximization occurs at the point where the marginal return from the last unit 
produced (price (p) in a competitive market) is equal to the marginal cost of producing 
the last unit. 
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Now, using the concepts already established for the cost function and the profit 
function, it is possible to determine the producer's reaction to a technology change. 
Beginning with the cost function, and recalling that C(w,y) is the original cost function, 
and C(w,y) is the cost function with the technical change, it can be shown by applying 
the envelope theorem to both functions that: ôC'(w,y)/^ = 3C(w,y)/^ - A = 0 and 
similarly, 0C'*(w,y)/^ = 5C'(w,y)/ôy - A.'=0, where C* and C* are optimal cost 
functions under the old and new technologies respectively. Thus, k is the marginal cost 
of production under the original technology, and A,' is the marginal cost of production 
with the new technology. Now, by calculating the first order conditions for cost 
minimization, the two cost functions yield (L is the Lagrangian function): 
(3.6) SL/dx. = w' - Xf(x) and dV/dx. = w' - A,f(x). 
This assumes that input prices are constant, and that the same level of inputs are used. 
If this is the case, more output is produced with the technical change and, by algebraic 
manipulation, it is readily apparent that A,' < A, or that the marginal cost of production 
with the new technology is less than the marginal cost of production under the original 
technology. Recalling the first order conditions of the profit function, and assuming that 
output prices also remain constant, the reduction in the marginal cost of production with 
the new technology change results in marginal revenue which is now greater than 
marginal cost. Under conditions of profit maximization, this implies that the producer 
should increase output until marginal revenue is equal to marginal cost. Note that 
throughout this analysis a single producer is implicitly assumed, and this producer's 
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decisions do not affect input or output prices. As will be shown later, if several 
producers formulate similar decisions, output and input prices will indeed be affected. 
These concepts—that the adoption of a new technology causes the average cost 
curve and the marginal cost curve to shift down-are clarified graphically in Figure 3.3. 
The marginal cost curve intersects the average cost curve at the minimum point, at which 
point quantity produced is determined by the output price P. As the average cost shifts 
down and the marginal cost curve shifts right, and assuming the firm still receives P, the 
producer receives excess profits since production will occur at the point where marginal 
cost and the price line intersect which is greater even than Q'. 
P 
MC 
LRAC 
Q Q* Q 
Figure 3.3. Firm impacts of technical change 
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To extend the individual producer results to the market level, the horizontal 
summation of the individual marginal cost curves represents the aggregate industry 
supply curve. Figure 3.4 shows the market changes (price and quantity) for a given level 
of demand, and an outward shift in supply which is a result of an outward shift in many 
individual producers' marginal costs of production from a change in technology. 
P 
P 
Q Q* Q 
Figure 3.4. Market impact of technical change 
This results in an increase in the quantity produced and a decrease in market price. The 
final position of the supply curve and the levels of price and quantity depend upon the 
elasticity of the supply and demand curves, and the cost structure of the industry. 
Referring back to Figure 3.3, it is apparent that the final quantity produced by the 
individual Q' is somewhat less than the quantity which would be produced by the 
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individual if no one else adopted the technology, because the lower market price reduces 
the marginal revenue for the producer. 
An additional consideration is the impact of a technical change on competing 
industries. For example, if technical change occurs in the pork industry, but a similar 
change does not occur in the beef industry, there may be impacts on the beef industry 
since beef and pork are competitors. The new lower price of pork, caused by an 
increase in production, may cause consumers to shift to the relatively cheaper pork, and 
away from beef. This has market share implications for participants in the meat 
production industry. 
As with the output markets, it is expected that input demand will change. Input 
demand may change by a scale quantity if the technical change is Hicks neutral; 
however, if the change is not Hicks neutral, there may be substitution effects within input 
markets also. The impact on input demand and competing products is largely an 
empirical question which has not been considered in previous studies on the adoption 
of growth promotants within the livestock industry. 
The use of growth promotants also raises the possibility of a shift in demand. 
The technical impacts of growth promotants suggest that their use will result in a 
reduction in the fat/lean composition of meat. This composition change may alter 
consumer preferences for meat, resulting in a change in demand and further 
complicating the analysis of technical change. This is rather unique in the context of 
technical change literature. If preferences change such that demand for the product 
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increases, then it is expected that prices will remain somewhat higher than in the case 
for constant demand, and the quantities produced will also be somewhat greater. 
However, with the use of growth promotants, there is the distinct possibility that 
consumer preferences could decline due to the perceived negative impacts of using 
artificially derived substances to produce a food product. If this were the case, it is likely 
that the technology change would not be adopted since there would be no benefit in 
more efficiently producing a product which no one is willing to consume. 
Summaiy 
This chapter provides the relevant conceptual economic consequences from the 
introduction of growth promotants into the technology set of livestock production. The 
impacts potentially affect all participants in the livestock industry, including producers, 
processors, consumers, and input suppliers. In order to estimate the expected results, 
supply and demand relationships including equilibrium prices and quantities and their 
response relationships (elasticities) must be determined using empirical methods and 
appropriate industry and firm production data. The focus of the remainder of the 
dissertation is to provide reasonable methods for quantifying the conceptual impacts 
presented through the use of a dynamic simulation model. 
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CHAPTER 4. THE U.S. LIVESTOCK AND POULTRY SECTOR 
To understand the impacts growth promotants may have on the livestock sector, 
the current production techniques and relationships must be known. This also aids in 
the development of a consistent econometric model to represent the dynamic behavior 
of the livestock sector. The adoption of growth promotants is assumed to occur in the 
beef and pork industries. These industries, plus poultry, represent the majority of meat 
production in the U.S., and will be the focus of the model and the sector overview. 
Characterization of the meat industry's biological and behavioral relationships and 
interactions will lay the foundation for the dynamic econometric model. 
The Hog Industry 
Hog production in the United States is concentrated heavily in the Midwest corn-
belt states (Table 4.1). However, the Southeast has increased its share of production in 
recent years. Corn-belt states accounted for 64.5 percent of U.S. hog production in 1991. 
Iowa and Illinois, the top two states in hog production, accounted for 36.4 percent of the 
1991 production. 
Hog production has become more concentrated with fewer and larger producers. 
The number of hog operations declined from 871,000 on December 1,1970, to 256,400 
on December 1, 1991. Meanwhile the average December 1 inventory on all farms 
reporting hogs was 222 head in 1991, compared to only 77 head in 1970 (Table 4.2). 
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Table 4.1. Regional distribution of U.S. hog production* 
Region 1970 1980 1985 1987 1991 
Percent of U.S. 
production* 
Com-belt-lake 
states 
Eastern'^ 28.6 25.4 27.3 27.1 26.1 
(Illinois) (12.2) (11.3) (11.2) (10.5) (10.7) 
Western*^ 37.2 39.6 41.0 39.9 38.4 
(Iowa) (23.4) (24^) (27.1) (26.4) (25.7) 
Northern Plains® 13.7 13.0 13.0 13.9 14.7 
Southeast^ 14.4 15.8 13.4 13.3 14.0 
(N. Carolina) (29) (3 6) (4.4) (4^) (6.5) 
Southwest® 2.6 2.0 1.3 1.5 1.4 
Other*" 3.5 4.2 4.0 4.3 5.4 
''Meat Animals: Production, Disposition, and Income, NASS, USD A (various 
issues). 
*'Based on liveweight production. 
'OH, IL, IN, MI, WI. 
"MN, lA, MO. 
=ND, SD, NE, KS. 
^AK, LA, KY, TN, MS, G A, FL, SC, NC, VA, AL. 
«TX, OK, NM. 
•"Remaining states. 
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Table 4.2. Farms reporting hogs and average inventory, U.S.^ 
Average inventory 
Year Number of farms (000) per farm, Dec. 1 
1970 871.2 77.0 
1975 661.7 74.0 
1980 666.6 97.0 
1985 388.6 135.0 
1986 346.1 147.0 
1987 328.6 165.0 
1988 326.6 170.0 
1989 309.7 177.0 
1991 256.4 222.0 
^Hogs and Figs, NASS, USDA (selected issues). 
The Census of Agriculture data on the number of farms selling hogs and the 
number of hogs sold per farm shows very similar trends to the data based on annual 
inventory data. The number of farms that sold hogs and pigs in 1987 was reported at 
238,819, less than half the 536,351 farms with hog sales in 1969. Forty-six percent of the 
farms selling hogs in 1987 sold 99 head or less but accounted for only 3.7 percent of the 
total sold. Farms with sales of 500 head or more made up 21.5 percent of the farms and 
sold 77 percent of the hogs. Ten percent of the farms sold 1,000 head or more and 
accounted for 57.75 percent of the hogs. This represented a sharp change from 1969, 
when 6.1 percent of the farms had sales of 1,000 head or more and marketed one third 
of the hogs. 
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Census data for 1987 indicated that 72 percent of the farms reporting hogs on 
hand during the year had farrowed one or more litters. And 28 percent of the farms 
reporting sales sold feeder pigs during 1987. Two-thirds of the hogs sold were from 
individual or family operations and one-sixth were from partnerships. Corporations, 
three-fourths of them family held, accounted for 15 percent of hog sales in 1987; and less 
than one percent were from all other sources. 
There are three types of hog production enterprises: feeder pig production, in 
which farmers produce pigs and sell them to others for finishing; farrow-to-finish 
operations, in which all phases of slaughter hog production are carried out in one 
operation; and feeder-pig finishing, in which farmers buy feeder pigs and feed them to 
slaughter weight. 
The expansion of pork production during the late 1970s was mostly accomplished 
through construction of new, capital-intensive, labor-saving facilities. Of those producers 
reporting expansion, 60-70 percent constructed either new central farrowing houses, 
nurseries or growing-finishing units. 
Although the industry structure is important for determining the characteristics 
of pork production in the U.S., the actual production process is still determined by the 
biological characteristics of swine production. The biological process in pork production 
is shown in Figure 4.1. In Figure 4.1, F1 represents first generation offspring, F2 
represents second generation offspring, and so on. 
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In general, bred females require a 3.75 month gestation period, pigs are then 
suckled for approximately three to four weeks, and require 5 months for the growing and 
finishing stage. Thus, it is approximately 9-10 months from the time a sow is bred to the 
time a pig is marketed. To grow a gilt to breeding age requires 7-8 months. Thus, third 
generation offepring may grow to slaughter weight within 19-20 months. Fourth-
generation expansion takes 28-32 months, since the first-generation gilt must grow to 
breeding age and her oKspring must be on feed another 5-6 months after birth. Holding 
more sows for an additional litter before culling can also achieve expansion. The 
expansion of pork production can be terminated at any time by slaughtering gilts 
retained for breeding stock. Herd reduction can be achieved by slaughter of gilts and 
sows in the breeding herd, but this may result in a short term supply increase before 
longer term supplies decline. 
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Figure 4.1. Biological lags in hog production 
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The Beef Industry 
The biological and organizational structure of beef production is more 
complicated than pork production. Few producers maintain cow-calf herds and finish 
the animals to the typical market weight of 1,100 pounds. In most cases cow-calf 
operators sell yearlings weighing 600-650 pounds to feedlot operators who feed high 
concentrate rations to finish the beef animal for market. This provides the basis for the 
distinction between fed cattle and non-fed cattle. Fed cattle are those animals finished 
on high concentrate rations which yield a high quality meat. Non-fed cattle include 
those animals either sold as grass fed, or other animals such as cull beef or dairy cows 
which have not been fed a high concentrate ration. 
The majority of beef production is concentrated in the Central and Southwest 
regions of the United States. Thirteen states (Arizona, California, Colorado, Idaho, 
Washington, Oklahoma, Texas, Kansas, Nebraska, South Dakota, Illinois, Iowa, 
Minnesota) provide 85% of the beef supply. The 13-state area had 46,883 feedlots in 
1989, down 69% from 151,000 lots in 1965. There has been an increase in the number 
of larger lots but a sharp drop in small lots. The number of 16,000-31,999 capacity lots 
was 2.5 times larger in 1989 than in 1965 and lots over 32,000 head capacity increased 
form only 4 to 79 in 1989. Thus, it is very evident that the trend in cattle feeding is 
towards a more concentrated feedlot industry with fewer and larger producers producing 
the majority of the beef. 
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As with pork, biological lags are important when analyzing the supply of beef 
cattle. For beef, biological lags in the production process are normally longer than lags 
in producer response to changing prices and profits. For beef production, the biologic 
lag can run 29-52 months. A heifer calves approximately 10 months after the decision 
is made to produce. The calf is usually weaned at about 425 pounds or 9 months later. 
After a 5 month grow-out period to a 650 pound yearling feeder, 5-6 more months of 
feedlot finishing is required to produce a 1,050-1,100 pound steer for slaughter. 
However, if the producer desires to expand the beef herd, the 14 month old, 650 pound 
heifer is retained for breeding and calves 10 months later. This third-generation calf is 
bom 34 months after the initial decision to expand output. The grow-out period and the 
feedlot finishing for this second-generation calf requires another 18 months. The 
biological lags are depicted in Figure 4.2. 
The flow of beef (without the biological lags included) is shown in Figure 4.3. 
Notice that the inflows to beef production include dairy calves which are later included 
in fed or non-fed cattle slaughter. The beef cow inventory determines the beef calves 
produced and also accounts for nearly all fed steer and heifer production. However, 
beef calves may also become non-fed slaughter if they are not fed high concentrate diets 
necessary to yield the higher valued meat. 
As can be seen in Figures 4.2 and 4.3, expansion of beef production requires 
substantial time because of the long biological lags. In general, supply increases may lag 
the expansion decision by as much as 2 years. In the short run, decisions to expand may 
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actually exacerbate low slaughter levels because heifers which could be marketed are 
retained for the breeding herd. Contraction of beef herds is rapid as cows and heifers 
are slaughtered. However, this also exacerbates price declines by bringing more animals 
to slaughter in the short run. 
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Figure 4.2. Biological lags in beef production 
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Figure 4.3. Beef production process. 
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The Broiler and Turkey Industries 
The production structure for broilers involves fewer stages than either beef or 
pork, and broiler production requires less time to grow a bird to slaughter. Chicks, once 
placed in brooding and growing houses, determine next quarter's broiler production since 
mortality and final weights are a relatively constant. 
The broiler and turkey production sector is highly vertically integrated compared 
to the beef and pork sectors. What was once comprised of small, usually supplemental 
enterprises has evolved into a small number of large production units. Most production 
is controlled by slaughterers, processors, or feed dealers through either ownership or 
production contracts. From 1975 to 1991, broiler production increased 108 percent from 
2,948 million head in 1975 to 6,138 million head in 1991, an increase of approximately 
6.75 percent per year over this period. Similarly, for the same period, turkey production 
has increased 129 percent over the period, from 124 million head in 1975 to 285 million 
head in 1991. Much of the rapid growth in both sectors can be attributed to changes in 
the product being marketed, increased consumer buying power, and most importantly 
lower real chicken and turkey retail prices especially relative to beef and pork prices. 
In addition, the ability of broiler and turkey producers to improve cost efficiency through 
better breeding and management techniques has also provided a supply push. Increasing 
vertical integration and concentration could have also lead to cost efficiencies through 
streamlined marketing functions and economies of scale. 
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The move to fewer and larger integrated enterprises has also been accompanied 
by some regional shifts in the location of production, especially for broilers. Ten states 
(Georgia, Arkansas, Alabama, North Carolina, Mississippi, Texas, Maryland, Delaware, 
California and Virginia) accounted for 83 percent of the total broiler production in 1989. 
Turkey production was divided more equally between the South and North Central 
regions, with the balance of production in the West. To exemplify the concentration in 
broiler production, 1 percent of producers accounted for 72 percent of the total broiler 
production in 1987. Over 50 percent of the broiler farms had an annual production of 
100,000 or more birds, and represented over 90 percent of total production. Farms with 
less than 100,000 birds, while representing about 48 percent of the farms in 1987, raised 
just over 5 percent of total birds. Similarly, 18 percent of turkey producers accounted 
for 76 percent of production. 
Of the major meats, broilers have the shortest biological lag in the production 
process. Only 21 days are required to incubate a fertile egg, and the broiler chick is 
ready for slaughter in another 1.5-2 months. These elements combined result in a 2.25-
2.75 month total production period. Second generation expansion lasts much longer. 
About 5 months are required to bring the second generation pullet, or young hen, into 
production. However, the second generation broiler is ready for slaughter in 7-9 months. 
The biological lags of broiler production are represented in Figure 4.4. 
As can be seen from the biological lag structure, broiler producers are the most 
flexible in reacting to market conditions. The biological lag structure for turkeys is 
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longer than that for chickens, but is still relatively short. Turkey eggs require 
approximately four weeks to hatch. Many producers then follow a production schedule 
of 6 weeks for brooding, 7 weeks for intermediate grow-out, and 3 to 9 weeks for 
finishing. Thus, the time an egg is fertilized until the time of slaughter encompasses 
approximately 20 to 26 weeks, or 5 to 6 months. 
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Figure 4.4. Broiler production biological lags 
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Summaiy 
The production characteristics of the four large meat (livestock and poultry) 
production sectors were considered. In addition, the biological production relationships 
were examined since these provide short-run production constraints in meat production, 
and longer run constraints especially in beef. Other meat sectors not examined include 
lamb and mutton, veal and fish. However, for 1991 these three sectors comprised only 
2 percent of total meat produced and thus represent a minor component. 
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CHAPTER S. ADOPTION AND DIFFUSION OF PARTITIONING AGENTS 
The rate and ceiling level of adoption will affect the timing and magnitude of the 
economic changes resulting from a new technology. If a new innovation is not adopted 
there will be zero economic impacts. Alternatively, if an innovation is immediately 
adopted by all potential users, its economic consequences may be quite rapid and quite 
large. Knowledge of likely adoption rates is necessary for projecting future market 
penetration of new products and for assessing how they may ultimately affect production 
practices and contribute to changes in the livestock industry. 
The socioeconomic factors that affect the speed with which farmers adopt 
agricultural innovations have received considerable study. Prior research has identified 
factors that facilitate, and impede, adoption, and has profiled the personal and farm 
enterprise characteristics and orientations of some adopter categories (e.g., "irmovators," 
"early adopters," "laggards," and "non-adopters"). However, this research has almost 
exclusively used ex-post analysis, where adoption behavior is measured and analyzed after 
the diffusion of innovations. Now, with the pending release of controversial agricultural 
biotechnologies, there is growing public interest in ex-ante assessment of adoption 
behavior, where adoption rates are predicted prior to the commercial release of new 
products. 
To develop a realistic simulation of likely economic impacts of growth 
promotants, one must develop a reasonable scenario or group of scenarios of the 
expected adoption of growth promotants. This will involve using the accepted theory of 
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diffusion of innovations, the current technical information on growth promotants, and 
survey information of expected producer adoption response. 
Previous Studies 
Adoption may be characterized on an individual (farm-level) or on an aggregate 
(industry-level) basis. To address the economic impacts on the industry, aggregate 
adoption will be relevant. 
In general, conclusions of studies by Griliches (1957a), Mansfield (1968), Davies 
(1979) and Stoneman (1983) summarize seven factors which affect the aggregate 
diffusion of process irmovations. 
1) As the number of firms in an industry using the iimovation increases, the 
probability of its adoption by nonusers increases. 
2) The rate of diffusion tends to be higher for more profitable irmovations, and 
for those requiring small investments. 
3) Less concentrated, more competitive industries tend to diffuse irmovations 
faster. 
4) Differences between firms in rates of intra-firm diffusion can be attributed 
to the profit they derive from the new technique, differences in size, liquidity, 
and the date when they first used the new technique. 
5) The diffusion is faster, the faster the growth of the adopting industry. 
6) The greater the ease of information access, the greater the rate of diffusion. 
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7) As a function of time, the percentage of the total potential usage of a new 
technique actually employed can be best approximated by an S-shaped curve. 
One of the first successful models of diffusion of innovations in agriculture was 
by Griliches (1957a). In this study of the adoption of hybrid seed com in the U.S., 
Griliches used a logistic function to model the diffusion of the technology. The form of 
the logistic growth curve is defined as: 
P = percentage planted, treated, etc. 
K = adoption ceiling or equilibrium level. 
t = time. 
S = rate of growth of adoption, explained by profitability. 
a = constant of integration, explained by market density and cost of entry. 
This curve is asymptotic to 0 and K, and symmetric about the inflection point. The first 
derivative of Equation 5.1 with respect to time yields Equation 5.2. 
(il) 
where, 
(5^) 
^ = P 
dt 
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Equation 5.2 suggests that the rate of growth is proportional to the growth already 
achieved and the distance from the ceiling level of adoption. Equation 5.1 may be 
estimated using ordinary least squares (OLS) by converting it to the following form; 
(5.3) = 
Although this formulation of the model is fairly simple, it involves some rather 
stringent assumptions. First, it assumes the adoption rate S must remain constant over 
time. If there is a declining rate, a positively skewed growth curve is suggested, i.e., the 
point of inflection occurs prior to the 50% adoption level. If this is the case, a log-
normal distribution may more accurately depict the adoption rate. Alternatively, S may 
be increasing, in which case a negatively skewed curve should be used. This may occur, 
for instance, if a trial period is used prior to full adoption. 
A second assumption is that all individuals have an equal chance to adopt the 
new technology. This may be violated, for example, if there are capital constraints or 
technological constraints on the adoption of the new innovation. In that case, a 
positively skewed adoption curve is suggested. 
These assumptions also imply that the profitability and cost of the innovation 
must remain constant over time, and must be the same for all firms within the industry. 
This may not be reasonable if there are significant economies of size or scale within the 
industry, or if there are prior technologies which must be in place in order to properly 
apply the new innovation. 
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A study by Jarvis (1981) follows a framework similar to Griliches. However, 
Jarvis attempts to determine the rate and limit of technology diffusion of improved 
pasture in Uruguay prior to the completion of diffusion. While Griliches' analysis 
occurred after diffusion had ceased and a stable ceiling level was observable, in Jarvis's 
study the ceiling had not been reached and both the ceiling and the rate of diffusion 
were estimated simultaneously. Using a logistic function similar to Griliches but with 
the ceiling value K unknown, Jarvis estimated the logistic function by varying K 
parametrically between 10% and 100% of the total producers considered potential 
adopters. The equation yielding the highest was assumed to give the best conditional 
estimates for the ceiling level (K) and the rate of adoption (b). Next, Jarvis attempted 
to test whether profitability affected adoption rates as had been hypothesized by others. 
Thus, he included the price of beef as a variable in the rate of diffusion coefficient. The 
inclusion of prices was found to significantly improve the results. Although Jarvis 
partially solves the problem of determining the ceiling level and rate of diffusion 
simultaneously, data was already available on the starting point of the innovation, and 
thus provided at least limited information on the diffusion of the innovation. The growth 
promotants being studied are not yet available on a commercial basis, so this is not 
possible. 
Although there are many other studies regarding the ex-post analysis of adoption 
and diffusion, the two discussed above provide most of the relevant background for 
purposes here. However, it is worth mentioning some other studies before proceeding. 
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Feder and Slade (1984) consider the farm-level adoption decision, and the role of 
information in the adoption decision. They propose that the adoption process is directly 
influenced by the producer's decision to actively pursue information. Rahm and 
Huffman (1984) consider the role of human capital (e.g., education) on the adoption 
process. Finally, Byerlee and Hesse de Polanco (1986) consider the effects of risk 
aversion and the risk characteristics of the technology in the adoption decision. 
Although these studies provide insights into the factors which may influence the decision 
to adopt, they are of limited usefulness in creating the aggregate adoption scenario 
required in this study. 
A pioneering ex-ante study in 1986 estimated the likely adoption by New York 
dairy operators of a yet-to-be released growth hormone (bST) for dairy cattle (Lesser 
et al., 1986). First a survey which included a mock advertisement for the new product, 
and relevant production information was sent to dairy producers. A logistic curve was 
fit to the survey data regarding timing of expected adoption. From the estimated logistic 
function, the rate and ceiling level of adoption was determined. An alternative form of 
the logistic function taken from Pindyck and Rubinfeld (1981) is used by Lesser. They 
suggest using the following discrete approximation to the logistic curve which can be 
estimated using ordinary least squares: 
(5.4) 
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where the parameter 6 should always be less than one. Here, is the percent level of 
diffusion achieved at time t, v and Ô are parameters to be estimated, and e is a 
randomly distributed error term. This is a discrete approximation to the differential 
curve: 
(5.) 
which follows the S-shaped curve. At low levels of Y, the rate of change is small, but 
as Y approaches to the ceiling level, S, the rate of change goes to zero. The function 
is symmetric with maximimi growth when Y=6/2. 
In addition. Lesser et al. used ANOVA techniques to delineate some of the 
factors (e.g., herd size, age of producer, bam type, etc.) which characterized those 
producers who would be early adopters. However, the study's findings have been called 
into question because of a low survey response rate and concerns about the accuracy and 
completeness of the information contained in the fact sheets (Buttel and Geisler, 1987). 
Other studies have also used ex-ante designs to project the likely adoption of bST 
by dairy operators (e.g., Zepeda, 1990; Nowak, 1987; Annexstad, 1986). Future adoption 
of bST has been estimated by other techniques as well, such as farmers' past adoption 
records for conventional technologies (U.S. Congress, Office of Technology Assessment, 
1991). The initial optimism about farmers' use of bST, prompted by the New York 
study, recently has been tempered somewhat by several developments-other's lower 
estimated adoption rates, reappraisals of the likely production advantages of bST, 
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questions about consumer acceptance of milk produced with growth hormones, concerns 
about socioeconomic impacts of bST on the dairy industry, and the emergence of public 
controversy over the social desirability of this product. 
The likely adoption and socioeconomic impacts of partitioning agents, such as 
porcine somatotropin (pST) have received less scientific and public scrutiny than bST. 
Porcine somatotropin seems less controversial because it permits production of a higher 
quality product rather than, with milk, just more product where there is already a chronic 
surplus. Also, dairying normally occupies a high level of centrality in fanning systems, 
whereas pork production historically has been part of more diversified farming 
operations. But pST may become more controversial as its potential social and 
economic impacts on the swine industry become better known. 
A recent ex-ante study of the likely adoption of pST by a sample of Miimesota 
pork producers (Lazarus, 1990) found few respondents (3%) planning to adopt it 
immediately. Most either planned to experiment with pST by trying it first on a few 
animals (43%) or waiting to see how it works for others (48%). A few (6%) indicated 
that they would probably, or definitely, not adopt this product. 
An added finding of the Minnesota study was that planned adoption of pST was 
greatly influenced by the number of injections required to administer the product. For 
example, the possibility of eight treatments per pig over the finishing period deterred all 
but a few producers from adoption. When offered a choice between two different 
partitioning agents, most respondents preferred beta-agonists over pST, largely because 
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of their greater ease of administration (feed additive versus injection). An added 
finding, important to gauging possible socioeconomic impacts of pST, is that the better-
educated pork producers, and those with the more modem production facilities, most 
often anticipate early adoption of this product. 
Adoption Considerations for Growth Promotants 
A framework to evaluate the diffusion of new innovations such as growth 
promotants will make use of previous theoretical constructs. The primary problem lies 
in the fact that the growth promotants to be evaluated (e.g., pST and S-agonists) have 
not yet been approved for use by the FDA, thus there is only field test data on the use 
of these technologies. However, from these studies the characteristics of the growth 
promotants are quite well known. Thus, it is possible to intuitively hypothesize the 
expected adoption process based on the theory of adoption. In addition, since the study 
requires only aggregate adoption information, the farm-level characteristics of producers 
are not necessary, while the industry characteristics are. Therefore, as a starting point 
it is useful to delineate the characteristics of growth promotants in order to hypothesize 
the structure one would expect growth promotants to follow in the adoption process 
relative to similar types of innovations. 
As discussed previously, the type of innovation will affect the characteristics of 
adoption. Divisible innovations will be classified as those innovations which are 
technologically simple, relatively cheap and require no major capital investments. 
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Divisibility implies that imiovation adoption increases with the log of time according to 
the cumulative normal curve (i.e., Q, follows a log-normal time path). Adopters would 
be expected to increase at an increasing rate and peak at an early stage, but slow down 
noticeably thereafter. 
Growth promotants are a divisible technology since they are relatively cheap, 
simple to use, no large capital investment is required, and existing technology is such 
that no significant changes in facilities are required to implement their use. These facts 
suggest the adoption curve would resemble that of other divisible technologies. 
However, it may be reasonable to assume that some producers might use an initial trial 
period in which they determine if growth promotants are useful under their particular 
production system This effect may offeet the divisibility effect and return the form of 
the adoption curve to a cumulative normal or logistic form 
The characteristics of the livestock industry will also likely affect the diffusion 
process. First, the livestock industry is largely competitive in the sense that there are 
many producers and a single producer cannot substantially affect prices. This suggests 
that if growth promotants result in significant profits for adopters, the diffusion of growth 
promotants will proceed quite rapidly. Second, since livestock production is largely 
concentrated in certain regional areas the high production density may expedite 
diffusion. 
Having established these hypotheses about growth promotants and the livestock 
industry, it is possible to suggest the functional form which may be appropriate in 
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modelling the diffusion process. Due to the a priori nature of this exercise, there is 
nothing to suggest that adoption would follow anything other than a symmetrical S-
shaped distribution. Although growth promotants may be classified as a divisible 
technology which suggests a positively skewed distribution as discussed previously, it is 
reasonable to assume that most producers will use a trial period with growth promotants 
which would likely offset any positive skew. With this in mind, the logistic functional 
form, as presented by Pindyck and Rubinfeld, is posited as the primary shape of the 
adoption curve, and will be used for interpolation of the survey data to be presented in 
the next section. 
Pork Producer Survey 
Predicting the nature of the adoption response to a new technology such as 
growth promotants is speculative by nature. The best source of information is the 
response of potential users to the new technology. Thus, in order to gain insights into 
producers' expected adoption behavior, pork producers were surveyed and asked their 
expected response to the availability of pST and S-agonists. 
In collaboration with Professors Gordon Bultena and Eric Hoiberg of Iowa State 
University, a survey instrument was developed and sent to producers. The survey 
instrument is provided in Appendix I. A random sample of Iowa pork producers was 
selected from the membership of the Iowa Pork Producers Association. Of the 476 
persons surveyed by mail in 1989, 232 (49%) responded regarding pST and 218 (46%) 
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responded regarding S-agonists and were qualified (i.e., had slaughter hogs). A second 
survey very similar to the one sent to Iowa pork producers was sent to the largest U.S. 
pork producers (i.e., all those greater than 10,000 hogs marketed per year). Of the 30 
large pork producers surveyed, 18 (60%) responded and were qualified. 
Because pST and the S-agonists are relatively new products, a fact sheet was 
provided in the survey instrument to reflect the current information on pST and S-
agonists regarding production response, costs, and management requirements. This 
information was gathered from university trials and private trials of corporations 
developing the products. The fact sheet was intended to provide the type of information 
producers might receive from extension publications or other sources prior to making 
the adoption decision. In addition, the fact sheet noted that use of the products would 
likely lead to increased pork production and, possibly, lower market prices. 
Although the fact sheet was designed to provide the most current information, the 
rapid change in technology may cause changes in the product prior to commercial 
release. One example of this would be an improved delivery system for pST, which was 
expected to initially require at least 4 injections over the period of use. Therefore, two 
modifications in the frequency of injection along with alternative pST and S-agonist 
pricing scenarios were included in the survey as variations on the base scenario. The 
first set of alternatives for both pST and the S-agonists dealt with financial returns, with 
the options being $2/1 and $5/1 and a base figure of $3 gross return for each additional 
$1 in incremental cost. The second set of alternatives, which was unique to pST, dealt 
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with the required frequency of injections, with the options being 2 and 8, and a base 
scenario of 4 injections over the period of treatment. 
The respondents were then asked how soon they would expect to adopt pST, with 
the choices being "immediately", "within the first year of availability", "in one to two 
years", "greater than two years", "will not adopt", "other", or "the adoption decision will 
be made by someone else". The response of 'other' is ambiguous, but upon cross 
referencing, the respondents generally said they would either experiment immediately 
or wait and see. 
While many surveys focus on the number of producers adopting the technology, 
it is actually the number of hogs on which pST will be used which is the important factor 
determining its industry impact. Since all producers are not the same size, it is necessary 
to cross tabulate the variable for the number of hogs slaughtered annually by each survey 
respondent with the producer's response regarding how soon the producer would adopt. 
Iowa producer response 
Table 5.1 is a summary of the number and percentage of Iowa producers adopting 
and the number and percentage of hogs pST will be expected to be used on in the time 
frame specified, given the base assumptions on the technical implications of pST. 
Large Iowa producers are more likely to adopt pST early, while smaller producers 
will adopt later or not at all. The percentage of producers adopting during the first two 
time periods (24.68%) is less than the percentage of hogs on which pST will be used 
(33.40%). However, for the later periods and for non-adopters, the percentage of 
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producers (42.12%) is greater than the percentage of hogs (37.11%). Tables 5.2-5.5 
provide the responses of Iowa pork producers to alternative financial return and 
frequency of injection scenarios for pST. 
Table 5.1. Expected pST adoption rate for base scenario 
Adoption speed® 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 6 2.55 11,225 4.15 
< 1 year 52 22.13 79,076 29.25 
1-2 years 60 25.53 61,000 22.56 
> 2 years 15 6.38 16,825 6.22 
Will not adopt 84 35.74 83,527 30.89 
Other's decision 6 2.55 9,465 3.50 
Other 12 5.10 9,295 3.42 
'Question - "Based upon the pST scenario, how soon after it becomes available 
do you think you will adopt pST in your hog operation?" 
Table 5.2. Expected adoption rate of pST with $2/1 financial return 
Adoption speed' 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 6 2.55 11,625 4.30 
< 1 year 37 15.74 54,832 20.28 
1-2 years 40 17.02 47,706 17.64 
> 2 years 38 16.17 37,651 13.93 
Will not adopt 87 37.02 75,522 27.93 
Other's decision 5 2.13 8,915 3.30 
Other 22 4J6 34,126 12.62 
'Question - "Based upon a $2/1 financial return scenario, how soon after pST 
becomes available do you think you will adopt pST in your hog operation?" 
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Table 5.3. Expected adoption rate of pST with $5/1 financial return 
Adoption speed® 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 48 20.43 77,755 28.76 
< 1 year 73 31.06 71,110 26.30 
1-2 years 56 23.83 58,712 21.71 
> 2 years 15 6.39 13,181 4.88 
Will not adopt 28 11.91 31,638 11.70 
Other's decision 6 2.55 9,965 3.69 
Other 9 3.83 8,016 2.96 
"Question - "Based upon a $5/1 financial return scenario, how soon after pST 
becomes available do you think you will adopt pST in your hog operation?" 
Table 5.4. Adoption rate for 8 injections of pST 
Adoption speed" 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 3 1.28 9,300 3.44 
< 1 year 9 3.83 11,700 4.33 
1-2 years 25 10.64 31,047 11.48 
< 2 years 22 9.37 42,023 15.54 
Will not adopt 150 63.83 149,222 55.19 
Other's decision 5 2.13 9,391 3.47 
Other 21 8.94 17,694 6.54 
"Question - "Based upon an 8 injection scenario, how soon after pST becomes 
available do you think you will adopt pST in your hog operation?" 
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Table 5.5. Adoption rate for 2 injections of pST 
Adoption speed® 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 33 14.04 65,550 24.24 
< 1 year 87 37.02 86,854 32.12 
1-2 years 55 23.40 51,226 18.95 
> 2 years 17 7.23 17,255 6.38 
Will not adopt 29 1234 32,960 12.19 
Other's decision 6 2.55 9,965 3.69 
Other 8 3.40 6,567 2.43 
'Question - "Based upon a 2 injection scenario, how soon after pST becomes 
available do you think you will adopt pST in your hog operation?" 
Briefly comparing the responses to the scenarios, it is apparent that the expected 
financial returns have an impact on the timing and level of adoption. Although there 
is not much difference between the base scenario and the $2/1 financial return scenario, 
the percentage of producers and hogs using pST increases dramatically at the $5/1 
financial return scenario. As anticipated from previous studies, the profitability of the 
technology positively affects the rate and ultimate level of adoption. Similarly, the 
responses to the various injection frequencies were sharply contrasting. With 8 
injections, 64 percent of the producers would not adopt pST, and 55 percent of the hogs 
would not be treated with pST. With 2 injections, only 12 percent of the producers 
would not adopt pST, and only 12 percent of the hogs would not be treated with pST. 
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This suggests that ease of use is a very important factor in determining whether pST is 
adopted. 
The survey also asked Iowa producers questions regarding their adoption response 
to S-agonists. Although there are minor differences in the impacts of S-agonists on hogs, 
the primary difference is that S-agonists can be administered as feed additives. Thus, 
the scenario of differing injection frequencies is irrelevant with respect to the S-agonists. 
Tables 5.6-5.8 provide the Iowa producers' adoption responses for S-agonists. 
Table 5.6. Expected S-agonist adoption rate for base scenario 
Adoption speed® 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 11 5.05 16,935 7.45 
< 1 year 78 35.78 94,357 41.49 
1-2 years 68 31.19 70,722 31.10 
> 2 years 12 5.50 6,246 2.75 
Will not adopt 35 16.06 26,631 11.71 
Other's decision 4 1.83 2,360 1.04 
Other 10 4.59 10,170 4.47 
'Question - "Based upon the S-agonist scenario, how soon after S-agonists become 
available do you think you will adopt them in your hog operation?" 
Comparing the results of the S-agonist scenarios, it is apparent that the expected 
financial return has large impacts on the rate of adoption for both hogs and producers. 
Improving the financial return scenario not only increases the speed with which 
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Table 5.7. Expected S-agonist adoption rate with $2/1 financial return 
Adoption speed* 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 7 3.21 9,635 4.24 
< 1 year 42 19.27 62,188 27.34 
1-2 years 69 31.65 67,311 29.60 
> 2 years 28 12.84 25,199 11.08 
Will not adopt 40 18.35 36,060 15.86 
Other's decision 3 1.38 3,300 1.45 
Other 29 13.30 23,728 10.43 
"Question - "Based upon a $2/1 financial return scenario, how soon after S-
agonists become available do you think you will adopt 6-agonists in your hog 
operation?" 
Table 5.8. Expected 6-agonist adoption rate with $5/1 financial return 
Adoption speed® 
Number of 
producers 
Percent of 
producers 
Number of 
hogs 
Percent of 
hogs 
Immediately 53 24.31 66,914 29.42 
< 1 year 98 44.95 103,310 45.43 
1-2 years 37 16.97 28,487 12.53 
> 2 years 6 2.75 7,005 3.08 
Will not adopt 6 2.75 4,876 2.14 
Other's decision 4 1.83 3,900 1.71 
Other 14 6.42 12,929 5.69 
^Question - "Based upon a $5/1 financial return scenario, how soon after g-
agonists become available do you think you will adopt 6-agonists in your hog 
operation?" 
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producers will adopt fi-agonists, but also increases the ultimate level of adoption from 
84.14 percent of the hogs with a financial return of $2/1, to a ceiling level of 97.86 
percent of the hogs with a financial return of $5/1. 
Now, comparing the responses of Iowa producers to pST versus S-J^onists, it is 
apparent that producers are much more willing to use S-agonists than they are pST. 
With the base scenario, the ceiling level of adoption of pST reaches only 69.11 percent 
of the hogs. Meanwhile, the ceiling level of S-agonist adoption reaches 88.29 percent 
of the hogs. This is largely due to the ease of application of the S-agonists in feed, while 
pST must still be injected. In addition, when asked which product they preferred, only 
5.6 percent of the respondents preferred pST to S-agonists, while 55.2 percent preferred 
S-agonists to pST. When asked if they would use both products if the products were 
synergistic, 14.3 percent said yes. Finally, 22.2 percent said they would use neither 
product under the base scenario established. 
Large producer response 
The responses of the U.S. producers with greater than 10,000 market hogs per 
year were noticeably different fi-om the survey of Iowa producers. The sample of 30 
largest producers were surveyed, with responses given by 18 for a 60 percent response 
rate. The format of the survey was essentially the same as that for Iowa producers. The 
responses of the large producers to pST are given in Tables 5.9-5.13. 
Larger producers' responses were affected by the financial return scenario as well 
as the frequency of injections. However, it should be noted that due to the small 
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Table 5.9. Expected pST adoption rate for large pork producers 
Adoption speed* 
Number of 
producers 
Percent of 
producers 
Percent of 
hogs 
Immediately 7 38.89 26.83 
< 1 year 8 44.44 26.71 
1-2 years 1 5.56 1.07 
> 2 years 0 0.00 0.00 
Will not adopt 1 5.56 15.33 
Other's decision 0 0.00 0.00 
Other 1 5.56 30.05 
^Question - "Based upon the pST scenario, how soon after it becomes available do 
you think you will adopt pST in your hog operation?" 
Table 5.10. Expected pST adoption rate for $2/1 financial return 
Adoption speed' 
Number of 
producers 
Percent of 
producers 
Percent of 
hogs 
Immediately 3 16.67 16.56 
< 1 year 7 38.89 20.36 
1-2 years 3 16.67 6.96 
> 2 years 1 5.56 30.05 
Will not adopt 4 22.22 26.07 
Other's decision 0 0.00 0.00 
Other 0 0.00 0.00 
'Question - "Based upon a $2/1 financial return scenario, how soon after pST 
becomes available do you think you will adopt pST in your hog operation?" 
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Table 5.11. Expected pST adoption rate for $5/1 financial return 
Adoption speed' 
Number of 
producers 
Percent of 
producers 
Percent of 
hogs 
Immediately 11 61.11 63.45 
< 1 year 6 33.33 21.22 
1-2 years 0 0.00 0.00 
> 2 years 0 0.00 0.00 
Will not adopt 1 15.33 15.33 
Other's decision 0 0.00 0.00 
Other 0 0.00 0.00 
"Question - "Based upon a $5/1 financial return scenario, how soon after pST 
becomes available do you think you will adopt pST in your hog operation?" 
Table 5.12. Expected pST adoption rate with 8 injections required 
Adoption speed" 
Number of 
producers 
Percent of 
producers 
Percent of 
hogs 
Immediately 3 16.67 19.01 
< 1 year 5 27.78 16.56 
1-2 years 1 5.56 1.23 
> 2 years 1 5.56 1.07 
Will not adopt 8 44.44 62.13 
Other's decision 0 0.00 0.00 
Other 0 0.00 0.00 
"Question - "Based upon an 8 injection scenario, how soon after pST becomes 
available do you thiiJc you will adopt pST in your hog operation?" 
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Table 5.13. Expected pST adoption rate with 2 injections required 
Adoption speed* 
Number of 
producers 
Percent of 
producers 
Percent of 
hogs 
Immediately 9 50.00 28.79 
< 1 year 6 33.33 21.22 
1-2 years 1 5.56 30.05 
> 2 years 1 5.56 4.60 
Will not adopt 1 5.56 15.33 
Other's decision 0 0.00 0.00 
Other 0 0.00 0.00 
^Question - "Based upon a 2 injection scenario, how soon after pST becomes 
available do you thiiik you will adopt pST in your hog operation?" 
number of producers, and the large number of hogs per producer, the response of one 
producer could noticeably alter the percent of hogs treated. For example, one producer 
in the large category represented almost a million hogs marketed per year.Comparing 
the responses of the large producers to pST with the responses of Iowa producers to 
pST, it is apparent that under the base scenario, large producers expect to adopt pST 
more rapidly and at a higher ultimate level than do Iowa producers. This same 
relationship holds for all scenarios except the scenario of $5/1 financial returns, and the 
scenario of 8 injections. Under the scenario of eight injections, only 38 percent of large 
producers' hogs would ever be treated with pST. This low acceptance is likely the result 
of the labor intensity required for treating a large number of hogs. 
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Finally, the responses of large U.S. producers to S-agonists will be presented. 
The same considerations as for Iowa producers hold. Tables 5.14-5.16 provide the 
responses of large producers to the expected use of S-agonists. 
The response of large U.S. producers to S-agonists is very positive. Except for 
the $2/1 financial scenarios, all large producers indicate that they expect to adopt S-
agonists. However, in the base scenario one producer indicated 'other*. This may be 
inconsistent since the producer selected an adoption category for the $2/1 scenario. 
Large producers expect to use S-agonists immediately on 42 percent of the hogs in the 
$2/1 financial return scenario, and expect to use S-agonists immediately on 92 percent 
of the hogs under the scenario of $5/1 financial retunt Thus, adoption of S-agonists will 
proceed very rapidly with large producers and will be fully disseminated in two of the 
three scenarios. 
Table 5.14. Expected S-agonist adoption rate for large producers 
Number of Percent of Percent of 
Adoption speed' producers producers hogs 
Immediately 8 44.44 51.06 
< 1 year 7 38.89 17.36 
1-2 years 2 11.11 1.53 
>2 years 0 0.00 0.00 
Will not adopt 0 0.00 0.00 
Other's decision 0 0.00 0.00 
Other 1 5.56 30.05 
'Question - "Based upon the S-agonist scenario, how soon after S-agonists become 
available do you think you will adopt them in your hog operation?" 
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Table 5.15. Expected S-agonist adoption rate with $2/1 financial return for large 
producers 
Adoption speed® 
Number of 
producers 
Percent of 
producers 
Percent of 
hogs 
Immediately 6 33.33 42.16 
< 1 year 5 27.78 12.39 
1-2 years 5 27.78 11.10 
> 2 years 1 5.56 30.05 
Will not adopt 1 5.56 4.29 
Other's decision 0 0.00 0.00 
Other 0 0.00 0.00 
^Question - "Based upon a $2/1 financial return scenario, how soon after 6-
agonists become avaÙable do you think you will adopt S-agonists in your hog 
operation?" 
Table 5.16. Expected S-agonist adoption rate with $5/1 financial return for large 
producers 
Adoption speed' 
Number of 
producers 
Percent of 
producers 
Percent of 
hogs 
Immediately 14 77.78 91.81 
< 1 year 4 22.22 8.19 
1-2 years 0 0.00 0.00 
> 2 years 0 0.00 0.00 
Will not adopt 0 0.00 0.00 
Other's decision 0 0.00 0.00 
Other 0 0.00 0.00 
^Question - "Based upon a $5/1 financial return scenario, how soon after S-
agonists become available do you think you will adopt S-agonists in your hog 
operation?" 
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When asked which product they preferred (pST or the S-agonists) 72.22 percent 
of the large producers said they preferred S-agonists to pST, 22.22 percent said they 
preferred pST to S-agonists and 5.56 percent responded 'other*. The percent of hogs in 
each category were 88.19, 10.58 and 1.23, respectively. In addition, 94.44 percent of the 
large producers responded that they would use both pST and S-agonists if the products 
were synergistic. This translates to 95.40 percent of their hogs. 
Total swine population treated 
To determine the ultimate adoption rate it is necessary to combine the results 
from the surveys of both sets of producers to determine the aggregate adoption levels 
for pST and the S-agonists in the pork industry. In order to aggregate, it is necessary 
to weight the responses of the two sets of producers by their relative proportions 
observed in the hog industry, and assume all producers of equivalent sizes in the U.S. 
would behave similar to those surveyed. Based on a 1987 survey of pork producers 
conducted by the University of Missouri, it is assumed that 23 percent of market hogs 
are produced by large operators (i.e., > 10,000 hogs marketed per year). Thus, the 
remaining 77 percent are produced by smaller operations. Tables 5.17 and 5.18 reflect 
the percentage of hogs on which pST and the S-agonists are expected to be used in 
terms of Iowa producers, large U.S. producers, and in total. 
Table 5.17 indicates that approximately 38 percent of all hogs can be expected to 
be treated with pST within the first year of availability. Also, it can be seen that only 
27 percent are likely to remain untreated as shown by the 'will not adopt' response. 
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Table 5.17. Expected percent of U.S. swine population to be treated with pST 
(base scenario) 
Adoption speed* 
Iowa hog 
population 
Large U.S. hog 
population 
Total hog 
population 
Immediately 4.15 26.83 9.37 
< 1 year 29.25 26.71 28.67 
1-2 years 22.56 1.07 17.62 
> 2 years 6.22 0.00 4.79 
Will not adopt 30.89 15.33 27.31 
Other's decision 3.50 0.00 2.70 
Other 3.42 30.05 9.54 
^Question - "Based upon the pST scenario, how soon after pST becomes available 
do you think you will adopt pST into your hog operation?" 
Table 5.18. Expected percent of U.S. swine population to be treated with S-
agonists (base scenario) 
Adoption speed' 
Iowa hog 
population 
Large U.S. hog 
population 
Total hog 
population 
Immediately 7.45 51.06 17.48 
< 1 year 41.49 17.36 35.94 
1-2 years 31.10 1.53 24.30 
> 2 years 2.75 0.00 2.12 
Will not adopt 11.71 0.00 9.02 
Other's decision 1.04 0.00 0.80 
Other 4.47 30.05 10.35 
'Question - "Based on the fi-agonist scenario, how soon after S-agonists become 
available do you think you will adopt S-agonists in your hog operation?" 
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Table 5.18 shows that approximately 53 percent of all hogs are expected to be 
treated with S-agonists within the first year, with only 9.02 percent likely to remain 
untreated. Responses of 'other's decision' and 'other' are expected to eventually adopt. 
Adoption Scenario Development 
The results presented provide the information necessary to build reasonable 
adoption assumptions in the economic simulations to be performed. The development 
of the actual adoption paths used for simulations follow. 
Adoption of somatotropins 
Speed of adoption and ultimate adoption levels (i.e., percentage of total hogs or 
beef cattle on which somatotropins are used) are crucial for determining the dynamic 
economic consequences of the use of somatotropins. The information provided on 
number of animals treated with somatotropins within a given time period is taken firom 
Table 5.17. However, the adoption rates are not in the appropriate time period needed 
for this analysis. In order to arrive at a reasonable adoption path, the data was 
smoothed by fitting a logistic curve to the data available. The logistic function is given 
as Pt = K/(l + where, P is the percentage of population treated in time period 
t, K is the adoption ceiling or maximum percentage of animals expected to be treated, 
t is time, and a and B are coefficients to be estimated. For this analysis, K (the 
adoption ceiling) is taken to be one minus the percentage of animals which would not 
be treated according to the survey. For pST the adoption ceiling, K, is 73 percent of the 
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hog population. This assumes that those responding 'other' in terms of whether they 
would adopt would also eventually adopt: at least it cannot be said they would not adopt. 
The time to reach this ultimate adoption level must also be determined. In the survey, 
the maximum length of time was within two years and then greater than two years. 
Only 4.7 percent of hogs in the population would be treated in greater than two years 
and, given the rapidity of adoption and the length of the hog cycle, it seems reasonable 
that three years would be sufficient time to approach the ceiling level of adoption. Thus, 
three years is assumed to be the time to reach 73 percent of the population treated. The 
cumulative adoption level is broken into discrete time periods for estimation purposes 
for the three years. All parameters necessary for smoothing of the logistic function are 
now available. The logistic adoption curve was estimated using non-linear least squares. 
The parameters estimated are a = 2.69387(4.57) and S = -2.11639 (-5.02). The values 
in parenthesis are the estimated t-statistics. Because of the small sample size, it is not 
possible to attach statistical significance to these values, and their sole purpose is to 
provide coefficients for smoothing the data into a functional form which is typical of 
adoption paths for similar technologies. Using these coefficients, the percentage 
adoption was calculated for quarterly time periods and used to impose the expected 
adoption path. The adoption values are presented in Table 5.19. These values are 
incorporated into the simulation model to determine the timing of the economic impacts, 
with the ultimate adoption level reaching 73 percent for the somatotropins. 
Table 5.19. Expected adoption path for somatotropins in pork and beef 
Period (quarter) 
Adoption level 
[P = .73/(1+ e2-^'-^^)l 
0.00 0.046230 
0.25 0.075145 
0.50 0.118997 
0.75 0.181354 
1.00 0.262357 
1.25 0.356059 
1.50 0.450956 
1.75 0.534962 
2.00 0.600917 
2.25 0.647988 
2.50 0.679341 
2.75 0.699276 
3.00 0.711579 
3.25 0.719033 
3.50 0.723498 
3.75 0.726155 
4.00 0.727330 
The same figures are used for the beef adoption path for bST since no other 
information is available and it is assumed that the adoption path will be similar. The 
cumulative adoption path is shown in Figure 5.1. Notice that at t=0.00 there is a 
positive adoption level. This reflects that small percentage of animals which are treated 
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immediately upon the products availability. Pork wiU be assumed to receive the use of 
the product immediately, while the beef adoption path will begin two years later. The 
adoption path remains the same throughout all pST/bST scenarios developed. 
100% 
80%-
I 
o. 
I 60%-
I 
40%-3 
E 
O 
20%-
0% 
0 1 2 3 4 
Period 
pST/bST Adoption Path - - Ceiling 1-evel (73%) 
Figure 5.1. Cumulative adoption path for pST and bST 
Adoption of S-agonists 
As with somatotropins, the adoption rates must be determined to assess the 
appropriate timing and ceiling levels of adoption which may be exhibited. Adoption 
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information for S-agonists is taken from Table 5.18. The same methods used for 
somatotropins are used here, and will not be discussed again. The ceiling adoption 
level for S-agonists is approximately 91 percent compared to 73 percent for 
somatotropins. The higher level is likely due to S-agonists being used as feed additives, 
whereas somatotropins are must be injected. The time horizon for 91 percent adoption 
is assumed to be 3 years. The estimated function and the projected cumulative values 
of adoption for 4 years are provided in Table 5.20 which is similar to Table 5.19 for 
somatotropins. Figure 5.2 shows the cumulative adoption path assumed for S-agonists. 
As with somatotropins, the estimation technique employed is simply a method to convert 
the adoption information into a reasonable and smooth path over time. The adoption 
paths for beef and pork are the same, but beta-agonists are assumed to be available to 
beef producers two years after pork producers begin adoption. 
The speed of adoption and the ceiling level of adoption are much higher for S-
agonists compared to somatotropins. This is likely due to the ease of administration. 
As was the case with somatotropins, the cumulative adoption path will be incorporated 
into all S-agonist scenarios. Again, since there is no available information on the 
expected adoption path for beef, it will be assumed that beef producers follow the same 
adoption pattern as pork producers. It will also be assumed that S-agonists become 
available to beef producers two years after they are available for pork producers. 
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Table 5.20. Expected adoption path for S-agonists in pork and beef 
Period (quarter) Adoption level 
[P = .91/(1+6^'^'^^''^)] 
0.00 0.055335 
0.25 0.097595 
0.50 0.165865 
0.75 0.266241 
1.00 0.395108 
1.25 0.534556 
1.50 0.660122 
1.75 0.755806 
2.00 0.819854 
2.25 0.859091 
2.50 0.881836 
2.75 0.894601 
3.00 0.901635 
3.25 0.905473 
3.50 0.907554 
3.75 0.908680 
4.00 0.909288 
110 
100% 
80%-
60%-
 ^ 40%-
20%-
0% 
1 0 2 3 4 
Period 
6-agonist Adoption - - Ceiling Level (91%) 
Figure 5.2. Cumulative adoption path for S-agonists 
Summary 
The adoption and diffusion of technology through an industry has been extensively 
studied once the technology is in place. Few studies have attempted to predict ex-ante 
adoption rates and ceiling levels. This is largely due to the lack of observable data. 
However, this is an important step in determining the economic implications of a new 
technology, and aids in determining the timing and magnitude of the economic impacts. 
I l l  
The approach uses a priori knowledge about the process of adoption, and 
supplements this information with survey data. However, due to the lack of observations 
and the expectational nature of the survey, it is not reasonable to expect a statistical 
relationship to be estimated or accurate. Prior research suggests a logistic function 
provides the best representation of the adoption path of producers over time. The 
survey data collected from Iowa and large national pork producers was smoothed to fit 
a logistic function and adoption paths were developed for pork. While similar survey 
information is not available for predicting beef producer adoption, it is reasonable, based 
on similarities of the beef and pork industries, to assume the introduction of bST and 
the S-agonists will follow a similar adoption path in beef cattle as in hogs. 
The surveys of producers also provided further information with regard to adopter 
characteristics, enterprise characteristics and other factors which affected adoption. For 
a description of these results see Buhr, Hayenga and Bultena (1992). 
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CHAPTER 6. CONSUMER ACCEPTANCE 
To be successful commercial products, the new partitioning agents will have to 
improve or, at least, have no adverse effect on consumer demand for the ultimate meat 
products. If the anticipated changes in product composition, price levels, and perceived 
product safety bring adverse changes in consumer demand, the likelihood of successful 
commercial marketing of the partitioning agent will be extremely low-marketing firms 
will not be interested in buying meat products which threaten sales. 
The objective of this chapter is to examine the expected response of consumers 
to the introduction of partitioning agents to provide leaner meat products. In order to 
set the stage, current trends in meat consumption will be outlined, followed by discussion 
of previous studies with regard to the acceptance of leaner meat obtained through the 
use of growth promotants. The primary contribution of this chapter is an experimental 
economic assessment of consumer acceptance and willingness to pay for leaner meat 
products obtained through the use of partitioning agents. The results of the consumer 
experiments are reported. 
Meat Consumption Trends 
Per capita consumption of red meat and poultry has increased over time, reaching 
a record level in 1989 of 220 lbs. per year. This is compared with 200 lbs. in 1970 and 
170 lbs. in 1960. But, per capita consumption of red meat has declined recently; poultry 
and fish increasingly have been substituted for red meat. To illustrate, in 1970 poultry 
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consumption was 48 pounds per capita; by 1991 per capita consumption of poultry 
(chicken and turkey) was 95 pounds. The near doubling of poultry consumption reflects 
several factors-aggressive marketing of poultry products, their lower relative price and 
consumers' concerns about fat and cholesterol. While annual United States per capita 
consumption of pork exhibits cyclical variation, there has been little change in long term 
pork per capita consumption levels. In contrast, annual per capita consumption of beef 
has declined dramatically from 94 lbs. in 1976 to 67 lbs. in 1991. 
Consumers respond to many factors when making meat purchase decisions. 
These include the availability and prices of competing products, consumer income, 
consumer preferences, which in turn are influenced by diet and health concerns and 
product quality characteristics. For many years, relative prices for meat products and 
consumer income levels have been considered as the primary factors influencing demand 
for meat and meat products. Now, diet and health concerns are growing in importance. 
As economies develop and mature, health and diet issues become more pronounced. 
Consumer attitudes 
A series of Food Marketing Institute consumer surveys (1987, 1991) have 
documented the changing importance of factors affecting food purchases. Taste is 
clearly the leading factor, with 90 percent of the respondents in the 1991 survey 
considering it "very important", and 8 percent as "somewhat important". Nutrition, 
product safety, and price also ranked high, with almost three-quarters of all respondents 
considering them very important. 
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Overall nutritional quality has varied in its relative importance for consumers. 
In 1987, 54 percent of supermarket shoppers were "very concerned" about nutrition and 
40 percent were "somewhat concerned". In 1991, 75 percent of shoppers surveyed 
considered nutrition "very important", with 22 percent considering it "somewhat 
important" in food selection. In food selection decisions, concern about overall 
nutritional issues is being replaced by concern for specific nutritional components. The 
major specific nutrient concerns in food purchases for respondents are, in order of 
decreasing importance, fat content, cholesterol level, salt content, calories, 
vitamin/mineral content and preservatives (FMI, 1991). 
Current issues, such as the dietary level of cholesterol, have not always been a 
concern for consumers. A Marketing Research Report by the USD A and National Live 
Stock and Meat Board during the 1960s focusing on consumer purchase decision 
influences reflected little concern about cholesterol. Most respondents reported that low 
cholesterol was an attribute of limited importance in meat selection. Instead of 
cholesterol content, the most important factors for consumers were assurance of good 
quality, tasty, not too much waste, and healthful to eat 
Continuing surveys by the National Live Stock and Meat Board track shifting 
patterns of factors important in food consumption purchases. In their 1985 survey, 68 
percent of the respondents strongly agreed with the statement that it is important to limit 
fat in the diet even when a person is not concerned about weight control. This level of 
concern was higher than the 57 percent reporting strong agreement in 1983 and 
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dramatically higher than the level in 1967 (National Live Stock and Meat Board, 1969). 
An American Meat Institute survey in the mid-1980s reported that 90 percent of 
respondents exercised care with respect to fat consumption (Agricultural Marketing 
Service, 1985). Nearly half of the respondents said that they make a real effort to avoid 
foods high in cholesterol. This compares to 39 percent in 1983 and even lower 1967 
levels. Participants listing fats as a serious hazard increased by eleven percentage points 
from 1983 to 55 percent in 1987. In 1985, only 12 percent of respondents felt strongly 
that "meat is definitely healthier for me than other foods I might eat." In 1985, about 
one fourth (26%) of the respondents indicated they strongly agree with the statement 
that "I am considering/have cut down on the amount of meat I eat for health reasons." 
This was 19 percent in 1983. 
Preservatives and chemical additives used in food preparation have emerged as 
a major concern in recent years. In 1991, 80 percent of shoppers surveyed felt that 
residues in foods were a serious hazard (FMI, 1991). The presence of antibiotics and 
hormones in poultry and livestock feeds was perceived as a serious food hazard, ranking 
as the second most serious hazard (56 percent). Irradiation was viewed as a serious 
hazard by 42 percent of the respondents, closely followed by nitrites at 41 percent. 
By the mid-1980s about two-thirds of the respondents to a survey prepared for the 
American Meat Institute indicated that the level of meat usage was influenced by health 
factors (AMI, 1985). They had modified or would likely modify their consumption to 
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include reduced portion size of higher quality animal products to help control their 
intake of saturated fat, calories and cholesterol. 
With some of the emerging partitioning agents being products of genetic 
engineering, the consumer acceptance of the meat products produced using them may 
be conditioned by their association with biotechnology. Consumers surveyed by the 
National Livestock and Meat Board in 1990 and 1991 have had a relatively low 
awareness and concern about biotechnology. Less than 30 percent of survey respondents 
were aware of any scientific techniques involved in beef production, and less than 25 
percent indicated any concern. However, more than 75 percent of those concerned 
mentioned the use of hormones and antibiotics. As one would expect, surveys offering 
prompting about possible issues generated a higher level of concern than those surveys 
not offering any prompting. 
Studies of consumer acceptance of milk produced using bovine somatotropin 
generally suggest some consimier reluctance to buy the milk. McGuirk and Kaiser 
(1991) surveyed consumers in New York and Virginia, and found 22-35 percent of the 
consumers disagreeing that pST should be approved, and about the same percentage 
tending to disagree that the milk was safe. They estimated that consumption could 
decline nearly 20 percent with bST. 
Hoban and Burkhardt, in a small survey of North Carolina urban and rural 
households, found most respondents either very concerned (45%) or somewhat 
concerned (37%) about eating genetically engineered meat or dairy products. 
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Bultena, Hoiberg, and Schafer, in a recent survey of Iowa households, found that 
there was a great deal of uncertainty about the likely affects of bST and pST on their 
family's consumption of meat and dairy products. Approximately 40 percent of 
respondents felt consumers should be wary of the resulting milk and pork products. 
Leaner pork produced using porcine somatotropin was expected to favorably affect pork 
consumption. In contrast, consumers were somewhat more negatively inclined toward 
milk produced using bovine somatotropin. Almost a third of consimiers indicated that 
they would buy milk produced without bovine somatotropin even if they had to pay 
higher prices. Over three-fourths of the consumers felt that pork produced with pST and 
milk produced using bST should have that stated on the label. The attitudes of 
consumers toward these products was related to their larger constellation of attitudes 
and beliefs toward food safety. Concerns were more often expressed by those persons 
more attentive to and more informed about food safety issues. 
Pitman-Moore, a company developing a commercial pST product, surveyed U.S. 
consumers and found that a majority of consumers were willing to pay approximately 25 
cents per pound more for pork with lower fat content. They also found that acceptability 
varied for the various terms which could be used to describe the porcine somatotropin 
used to produce the lower fat product. However, the joint consumer acceptance of the 
lower fat product and the description of the technology used to produce it was not 
tested. 
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Lemieux and Wohlgenant (1988) surveyed consumers in the United Kingdom and 
found them willing to pay from 8-13 percent more for 10-25 percent leaner pork treated 
with organic proteins. In contrast, Halbrendt et al. (1991) surveyed consumers in five 
metropolitan areas, and found that consumers are not willing to pay more for pork 
products with porcine somatotropin. Half of the survey respondents would not change 
their pork consumption due to use of pST and the number of consumers indicating they 
would eat more pork were approximately equal to the number indicating they would eat 
less pork due to the use of pST. 
The studies focusing on porcine somatotropin suggest that overall domestic 
consumer demand for pork that is leaner due to pST will be unchanged or slightly 
improved, though the type and extent of labeling used or required, and the extent of 
"negative advertising" by companies capitalizing on consumers' concerns could change 
that conclusion. The same type of consumer survey response might be expected for beef 
where similar improvements in product composition may be forthcoming. However, the 
already extensive use of growth promotants in the beef industry may lead to less negative 
reaction to new ones being introduced. 
The consumer response would be expected to vary depending on how transparent 
or obvious the technology used in production and the changes in the product 
characteristics are to the consumer. If production technology labels are required on the 
resulting consimier products, more negative responses from concerned consumers would 
be expected, and consumer demand could be more adversely impacted. But the lower 
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fat content, if shown on the label, may counter that reaction to a significant extent. 
Initially, there may be a small market niche for the leaner and potentially lower cost 
products from biotechnology which would expand as satisfactory product experiences by 
other consumers overcome initial concerns. In contrast, products from other partitioning 
agents may not stimulate as much concern, since they are not associated with genetic 
engineering. 
Consumer Willingness to Pay Experiments 
The overview of surveys of consumer response to the introduction of growth 
promotants leaves one feeling uncertain of how consumers will react to the actual 
introduction of growth promotants and the commensurate increased lean composition 
of the meat Regardless of how well the surveys are designed, respondents know they 
are responding to a hypothetical situation, especially when one considers that growth 
promotants are not yet approved for commercial user. In addition, it is impossible 
through survey techniques to accurately determine the consumer's willingness to pay for 
the leaner product or an untreated product. The objective of this section is to develop 
an economic experiment which allows for the valuation of consumers' willingness to pay 
for these products. Although there are a myriad of issues, including potential labeling 
of treated products, the key issue for purposes of this dissertation is to determine how 
much consumers are willing to pay (WTP) (or willing to accept (WTA)) to consume 
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leaner meat obtained through the use of growth promotants. The experimental design 
and the preliminary results applicable to this study are described below. 
Experimental design 
The use of experimental economics in non-hypothetical settings is a relatively new 
technique, though initial studies involving non-hypothetical settings and the use of 
experimental economics have been conducted by Coursey, Hovis and Schulze (1987), and 
more recently by Shin (1991). Both studies used a Vickrey auction format (Vickrey, 
1961) to elicit consumer response to consumption choices. 
For this paper, a Vickrey auction approach is used to measure how much 
individuals would be willing to pay to obtain a leaner meat product produced through 
the use of growth enhancers or, alternatively, how much they would be willing to pay to 
exchange a leaner meat produced with the use of growth enhancers for meat typically 
available in current outlets. In designing the experiment care was taken to ensure that 
participants were convinced one type of meat was leaner than the other, and that the 
leaner meat had been obtained through the use of growth enhancers. By using real 
products and real money, it is hoped that the participants would be forced to concentrate 
on the trade-off between monetary compensation and a desire for a leaner/treated or 
typical meat product. 
The benefits of using Vickre/s second-price sealed-bid auction (Vickrey, 1961) 
are that each participant submits a bid equal to their perceived value of the alternate 
product, independent of other bidders' behaviors, and that 'truth' is the dominant 
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strategy (Cox et al., 1982). Furthermore, the auction iteration process allows for learning 
effects among participants and the revelation of their true preference (value) to 
auctioned items (Coursey, 1987). 
In each auction, approximately 15 individuals were paid to participate in a 
Vickrey second-price sealed-bid auction. There are two auctions within each experiment 
set. The first auction of each experiment attempted to estimate individual willingness 
to pay for leaner meat which had been produced with the use of growth promotants 
when participants were initially given typical meat as is currently available from grocery 
stores and restaurants (T/L auction). The second auction of each experiment attempted 
to estimate the individual willingness to pay for typical meat as is currently available 
from supermarkets and restaurants when participants were initially given the leaner meat 
which had been produced with growth promotants (L/T auction). The second auction 
is the exact reversal of the first auction. A sample instruction set is provided in Figure 
6.1. Students from non-intersecting undergraduate classes were offered $ 18.00 and a fi-ee 
meal to participate in the experiments at an on-campus taste testing room. 
In each auction, the participants were first familiarized with the experimental 
procedure with a pre-trial candy bar auction. The candy bar auction had five trials. 
Each participant began with an initial income of $3, and all participants were initially 
given identical candy bars. Participants were then asked to bid for a single different 
candy bar one time each of the five trials. At the end of the fifth bidding trial, one of 
the trials was randomly selected to be binding. In this binding trial, the highest bidder 
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GENERAL INSTRUCTIONS # 
You are about to participate in an experiment about decision making. Please 
follow the instructions carefully. 
SPECIFIC INSTRUCTIONS 
In this experiment you will be asked to decide how much you would be willing 
to pay for leaner meat. TTie experiment has two stages. 
Your starting income will be $3 in stage one. Your income will be $15 for stage 
two. Your take home income will consist of your initial income ($3 + $15) minus the 
value of goods purchased. 
You will submit your bidding price on a recording card. Note only one of the five 
trials in stage 1 will be binding and only one of the twenty trials in stage 2 will be 
binding (i.e., determine actual take-home pay). A number will be randomly selected to 
identify these binding trials. 
You cannot reveal your bids to any other participant. Any communication 
between bidders during a trial will result in an automatic penalty of $3. 
Figure 6.1. Sample experiment instructions 
Stage 1 
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# 
Step 1: You own the candy bar free in front of you. Your initial income is $3. 
Step 2: Let's say you are willing to pay $x for your candy bar and $y for a different 
candy bar. The difference ($y - $x) is what you are willing to pay to exchange 
your candy bar for the other candy bar. If you do not wish to trade, a zero 
willingness to pay is acceptable. 
Please indicate your willingness to pay to trade your candy bar for a different 
candy bar. Do ngl state what you would pay for the entire other candy bar. 
Only state the diff^erence ($y - $x) you are willing to pay. 
Step 3: Please write your bid for the one other candy bar on the recording card. The 
monitor will announce the highest bidder and display the price of the other 
candy bar (second-highest bidding price) on the blackboard. 
Note : For example, if the highest bid was $a and the second-highest bid was $b, the 
highest bidder would receive the other candy bar and must pay $b. 
Step 4: There will be five trials. 
Step 5: Only one trial will be binding. After the five trials, a number will be randomly 
selected to determine which trial is binding. The highest bidder of that trial 
will exchange their candy bar for the other candy bar and must pay the 
displayed price (i.e., the second -highest bid). 
Note ; In the event there is a tie for the highest bid, the winner will be determined 
by a coin toss. 
Figure 6.1. (Continued) 
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Stage 2 # 
Step 1. There are two types of meat. The features of each are described below. 
Step 2: You own the product I meat in front of you. Everyone has the same product 
1 meat. You also have an initial income of $15. 
Step 3: Let's say you are willing to pay $y for the product I meat and $z for the 
product II meat. The difference ($z - $y) is what you are willing to pay to 
consume the product II meat. Please indicate your willingness to pay to 
consume the product II meat. Only state the difference ($z - $y) that you are 
willing to pay. If you do not wish to exchange your product I meat for the 
product II meat, then a bid of zero is appropriate. 
The highest bidder will exchange his or her product I meat for the product II 
meat. He or she will pay the second-highest bidder's price. 
Step 4: There will be twenty trials. 
Step 5: After all twenty trials are complete, we will randomly select one binding trial 
to determine who buys the product II meat. 
Note: The meat will have to be consumed to leave with the take-home income. 
Product I Product II 
This meat is typical of meat 
currently available at restaurants 
and grocery stores. 
This meat is 10-20% leaner and 
contains 30-60% fewer calories 
than product I meat. It was 
produced by animals treated with 
a growth enhancer. 
Figure 6.1. (Continued) 
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Trials 11-20 
Product I Product II 
This meat is typical of meat 
currently available at restaurants 
and grocery stores. 
This meat is 10-20% leaner and 
contains 30-60% fewer calories 
than product I meat. It was 
p r o d u c e d  b y  a n i m a l s  
administered a growth enhancer. 
Description of Growth Enhancer: 
The growth enhancer administered to the animals is known as a somatotropin. 
It has the effect of not only increasing daily gain and improving feed efficiency, 
but also increases the amount of lean meat produced and reduces the amount of 
fat produced. This is referred to as a partitioning effect of nutrients. Scientists 
ensure us that other than the lean/fat changes the composition of meat produced 
by treated animals is unchanged. Further studies have shown that there is no 
change in the taste, tenderness or other palatability characteristics of the meat. 
Figure 6.1. (Continued) 
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Stage 2 # 
Step 1. There are two types of meat. The features of each are described below. 
produced by animals treated with 
a growth enhancer. 
Step 2; You own the product I meat in front of you. Everyone has the same product 
I meat. You also have an initial income of $15. 
Step 3: Let's say you are willing to pay $y for the product I meat and $z for the 
product II meat The difference ($z - $y) is what you are willing to pay to 
consume the product II meat. Please indicate your willingness to pay to 
consume the product II meat. Only state the difference ($z - $y) that you are 
willing to pay. If you do not wish to exchange your product I meat for the 
product I! meat, then a bid of zero is appropriate. 
The highest bidder will exchange his or her product I meat for the product II 
meat. He or she will pay the second-highest bidder's price. 
Step 4: There will be twenty trials. 
Step 5: After all twenty trials are complete, we will randomly select one binding trial 
to determine who buys the product II meat. 
Note: The meat will have to be consumed to leave with the take-home income. 
Product I Product II 
This meat is 10-20% leaner and 
contains 30-60% fewer calories 
than product 11 meat. It was 
This meat is typical of meat 
currently available at restaurants 
and grocery stores. 
Figure 6.1. (Continued) 
Trials 11-20 
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Product I 
This meat is 10-20% leaner and 
contains 30-60% fewer calories 
than product n meat. It was 
p r o d u c e d  b y  a n i m a l s  
administered a growth enhancer. 
Product II 
This meat is typical of meat 
currently available at restaurants 
and grocery stores. 
Description of Growth Enhancer: 
The growth enhancer administered to the animals is known as a somatotropin. 
It has the effect of not only increasing daily gain and improving feed efficiency, 
but also increases the amount of lean meat produced and reduces the amount of 
fat produced. This is referred to as a partitioning effect of nutrients. Scientists 
ensure us that other than the lean/fat changes the composition of meat produced 
by treated animals is unchanged. Further studies have shown that there is no 
change in the taste, tenderness or other palatability characteristics of the meat. 
Figure 6.1. (Continued) 
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exchanged candy bars, and the paid the second-highest bid price. At no time do 
participants know the highest bidder's identity or the amount of the highest bid. Only 
the highest bidder's identification number and the value of the second-highest bid are 
displayed after each trial. 
The lean meat/typical meat auction followed the candy bar pre-trial once the 
investigator was satisfied the participants understood the procedures of the auction. The 
meat auctions were identical in form to the pre-trial candy bar auctions except that there 
were 20 trials, and additional information was provided prior to the eleventh trial. 
However, diuing the course of the experiments, it became evident that factors such as 
types of candy bars used in the pre-trial and the timing of payment may have made 
difference in the participants bids. Thus, three separate sets of experiments were 
completed to eliminate potential biases. The form of the three experiments are 
simmiarized below. 
Experiment I 
- Participants given small Reeses Peanut Butter Cup in pre-trial and asked to 
bid for Snickers candy bar. 
- Participants given payment at completion of auction. 
Experiment II 
- Participants given Milky Way Dark candy bar in pre-trial and asked to bid for 
Snickers candy bar. 
- Participants given payment at completion of auction. 
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Experiment HI 
- Participants given Milky Way Dark candy bar in pre-trial and asked to bid for 
Snickers candy bar. 
- Participants given initial income ($18) at the outset of the auction and asked 
to pay for purchases at the end of the auction. 
The results of each of these experiments will be presented, with comparisons between 
the experiments and the auctions within each experiment. 
Experiment I results 
Figure 6.2 shows the average willingness to pay for the lean meat produced 
through the use of growth promotants and the willingness to pay for the typical meat for 
Experiment I. During the candy exchange portion of this experiment participants were 
give a small Reeses peanut butter cup and asked their willingness to pay to exchange the 
peanut butter cup for a Snickers candy bar. During the meat exchange portion 
participants were not given their money prior to the bidding, but only after all trials were 
completed. 
The average willingness to pay over all five candy exchange trials was $0.38. This 
high value is largely due to the inherent difference in value between a small piece of 
candy and a candy bar. It does not reveal participants preferences other than the fact 
that the value bid was probably less than the perceived value difference between the two 
candies. 
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Figure 6.2. Experiment I average willingness to pay 
Figure 6.2 reveals several observations. The first group which was given the 
typical product and asked to bid for the lean/growth enhancer product (typical/LGH in 
Figure 6.2) were willing to pay significant amounts to obtain the leaner product. 
Additionally, the bids continually increased throughout the experiment which indicates 
that they did not heavily discount the product for the use of growth promotants, and 
were continually bidding more to be able to consume the leaner product. There is also 
a significant shift in the trend at the eleventh trial when additional information on the 
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growth enhancer was provided. This indicates that although there may have been some 
apprehension with respect to the production method, the information provided 
reassurance that the product was safe and of high quality and hence they increased their 
willingness to pay to obtain the leaner product. However, it is disconcerting that the 
willingness to pay never stabilized and continued to increase even through the twentieth 
trial. Perhaps this simply indicates that the maximum level participants were willing to 
pay was never reached. 
The second group of participants of Experiment I were provided the lean/growth 
enhancer product at the outset and asked to bid for the typical product (LGH/typical 
in Figure 6.2). Initially, the second group's bid to get rid of the leaner product was 
higher than the first group's bids to obtain the leaner product. This indicates that there 
was initial apprehension about the presence of growth enhancers in both groups. 
However, when information on the growth enhancer was provided, their willingness to 
pay dropped significantly indicating they had the same response to the information as 
the first group. By the twentieth trial their willingness to pay level had stabilized. The 
difference between the two groups by the end roughly indicates the "net willingness" to 
pay for leaner meat treated with growth enhancers, and this value is significantly positive 
(Table 6.1). 
Several concerns with the experimental design arose after Experiment I. First, 
as mentioned previously, there was concern that the predisposition to bid a positive value 
carried over from the candy bar portion of the experiment to the lean meat portion of 
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the experiment. Second, there was concern with regard to the payment of cash after the 
experiment was completed rather than prior to the experiment. This detachment from 
the actual money may have also inflated the willingness to pay of the participants. 
Experiment 11 results 
Experiment EL attempted to address the concern about the bias introduced by 
providing different valued candies to the participants during the candy bar portion of 
Experiment 1. All other aspects of Experiment H were the same as Experiment I. 
In the candy bar portion of Experiment II participants were provided a Snickers 
candy bar and asked to bid to exchange the Snickers bar for a Milky Way Dark candy 
bar. In addition, participants were specifically informed that it was acceptable to bid 
zero if they did not wish to exchange candy bars. By providing equivalently valued 
products which were familiar to the participants, it was expected that participants would 
bid solely based on their preferences for one or the other candy bar. Thus, bids were 
expected to be much lower for the candy portion of Experiment II than for the candy 
portion of Experiment I. This was in fact the case as participants in Experiment II bid 
an average of $0.13 while participants in Experiment I had bid $0.38. However, this may 
have simply been the result of the perceived value difference inherent in Experiment I. 
The meat portion of Experiment II was run identically to the meat portion of 
Experiment I, except that it was stressed that it was acceptable to submit a bid of zero 
if the participant did not wish to exchange their product. The willingness to pay results 
of Experiment II are shown in Figure 6.3. The general pattern of Experiment n is the 
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same as for Experiment L The willingness to pay for the leaner product produced with 
growth hormones is approximately the same magnitude as in Experiment I (typical/LGH 
in Figure 6J3). However, the second group which was asked to bid for a typical meat 
product (LGH/typical in Figure 6.3) were substantially lower than in Experiment I. This 
seems consistent with the expectation that participants desire lean meat more than their 
aversion to growth hormones, and that the candy bar trial may have predisposed the 
participants in the second part of Experiment I to bid a higher value for the typical meat 
product than their true preferences. 
Although Experiment n eliminates some of the ambiguity of the results of the 
experiment, it was desirable to determine if the procedure of providing participants with 
money after the experiment introduced bias. Thus, in Experiment III participants were 
provided with money at the start of the auction. 
Experiment HI results 
Experiment HI attempts to test the implication of providing the students with 
money prior to the execution of the experiment. While participants were confronted 
directly with the product, the money was not similarly directly in front of them. It was 
expected that having money in hand would also tend to reduce their willingness to pay 
since it is a more concrete expenditure of cash they have. All other aspects of 
Experiment HI were identical to Experiment II. 
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Figure 6.3. Experiment n willingness to pay for differing meat products 
As expected, all bids in Experiment HI were substantially lower than those in 
Experiments I and H. This indicates that participants were more reluctant to spend 
money which they had in hand, this may more accurately represent consumers' response 
to the introduction of these meat products. In the case of the candy bar portion of 
Experiment HI, participants bid an average of only $0.02 to exchange their candy bar, 
compared with $0.13 for Experiment H, and $0.38 for Experiment I. Similarly, Figure 
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6.4 illustrates the fact that their willingness to pay to exchange meat products was 
considerably less than either of the other two experiments, although the same overall 
pattern with respect to bids did emerge from Experiment HI. 
$0.70-r 
. 60 -
$0.50 -
> $0.40-
J- $0.30 -
$0.20 -
.00 
1 3 5 7 9 11 13 15 17 19 
Trial 
~^Typical/LGH LGH/Typical 
Figure 6.4. Experiment HI average willingness to pay 
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Figure 6.5 provides the results of all three experiments on the same graph to 
enhance comparison of the results across experiments. It is immediately evident that the 
same patterns do emerge throughout the experiments. However, elimination of 
perceived biases in the experimental design consistently provided expected results. 
Experiment III seems to provide the most likely response of consumers to the 
introduction of leaner meat produced through the use of growth promotants. 
Figure 6.5 shows the average difference in willingness to pay between the 
groups initially given the typical product and the groups initially given the leaner product 
treated with growth enhancers for Experiments im. It is worth noting that the "net" 
willingness to pay in Experiments I and m are similar, although Experiment IE is 
positive throughout. These results are not directly comparable because of differing 
experimental controls. However, in all cases there is a positive net willingness to pay 
which ranges from approximately $0.50 to $1.50. The sandwiches used were valued at 
approximately $2.75 so the willingness to pay for leaner sandwiches represents an 18-
50% increase in market value of the sandwiches, with Experiment HI yielding the 18% 
value increase. 
WTP Test Results 
For purposes of this study, statistical tests must be conducted to determine if the 
willingness to pay differences within each experiment are significant. Also, tests for 
differences between experiments will show if the changes made in experimental design 
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Figure 6.5. Average willingness to pay for all experiments. 
had effects. Table 6.1 provides the results of the hypothesis tests. Standard t-tests 
(Freund and Walpole, p. 418-21) are used to test for differences between auctions within 
an experiment. That is are the net willingness-to-pay differences shown in Figure 6.5 
significantly different from zero? However, because it is not clear that the bids follow 
a normal distribution, nonparametric U - tests, or rank -sum tests, were also conducted 
(see Freund and Walpole, p. 530-32). All trials were not tested, but only the trials of 
138 
$2.00-r 
9- $1.50 
.50-
Trial 
"^Experiment I "1~Experiment II * Experiment III 
Figure 6.6. Net willingness to pay for three experiments 
interest. The first trial is tested because it is the equivalent of a one-shot survey result, 
and it is possible to test if the two auctions differ. The 10th trial is tested to determine 
if differences existed prior to providing participants new information, and similarly, the 
Uth trial is tested to see if differences exist after the participants were provided new 
information. Finally, the 19th trial is tested to determine if the long-run differences in 
WTP between auctions are significant. The 20th trial is not used because it is the last 
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bid and participants seem to erratically alter their bids. This can be seen in the WTP 
figures presented, where the 20th trial generally breaks an established pattern. In 
general, selection of the 19th trial over the 20th trial made no difference in the rejection 
decision. 
Table 6.1. Comparison of mean WTP between auctions (L/T and T/L)® 
Experiment I Experiment II Experiment HI 
i^T/L ~ ^ 5 n^^yr -13 ~ 13 n^/r = 13 n-i-^L ~ 15 n^/r = 13 
hp: mt/l = ml/t hg: = /x^/t h^: ah-zl ~ a^l/r 
t tests 
I -1.07 -0.36 1.96 
10 -0.22 3.77" 1.59 
II 1.53 4.64" 6.36" 
19 23r 4^ 8.71" 
U tests 
I 89.00 78.00 67.00 
10 89.00 28.00" 78.00 
II 73.00 8.50" 19.50" 
19 51.00* 12.50" 15.00" 
" denotes rejection of at the 0.05 and 0.01 significance level 
for the t-test and the U test. 
® L/T = Participant given lean(L) sandwich obtained with growth 
promotant and asked to bid for typical(T) sandwich. T/L = opposite auction. 
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Trial 1 results for all experiments are not significant. This implies that one-shot 
surveys do not capture the net willingness-to-pay which is exhibited in later trials. In 
addition, experiments I and II provide results similar to typical survey results cited 
earlier; that people are willing-to-pay to avoid consuming products which have been 
treated with growth enhancers. But because the results are not significant it is evident, 
t h a t  s u r v e y s  d o  n o t  p r o v i d e  a n  a c c u r a t e  a s s e s s m e n t  o f  c o n s u m e r  p r e f e r e n c e s . I  n  a l l  
experiments, there is a significant positive net willingness to pay for leaner meat products 
derived through the use of growth promotants by trial 19. Experiments n and III values 
are significant at both the 5 and 1 percent significance levels. 
Note that the U tests provided the same selection criteria for each trial. Thus, 
t-tests appear to adequately represent the significance of the outcomes. 
As mentioned, there were differences between the experiments. One can test for 
the significance of these changes by comparing the differences in results between 
experiments. Table 6.2 provides the results of tests between the three experiments at 
the same four trials. Figures 6.4 and 6.5 provide good points of reference for the 
implications of these tests. Also, recall that the differences between the experiments 
included: 
Experiment I vs. Experiment n 
- Experiment I had very different valued candy's in the pretrial, while 
Experiment II had similarly valued candy bars. Also, participants were 
explicitly notified in Experiment n that a zero bid was acceptable. 
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Table 6.2. Comparison of mean WTP values between Experiments. 
Trial 1 Trial 10 Trial 11 Trial 19 
Experiment I vs. II 
Hg: MI = Mu 
T/L" -0.53 -2.51' -3.19" -1.83 
L/T 0.11 3.17" 2.77' 2.68' 
Experiment I vs. IH 
Ho: Mi = Mm 
T/L 2.48' 2.86" 4.47" 3.98" 
L/T 3.12" 3.40" 3.57" 3.23" 
Experiment II vs. Ill 
Hg: Mn ~ Mm 
T/L 1.18 3.20" 3.21" 2.86" 
L/T 1.85 1.41 2.33' 2.81" 
" denotes rejection of at the 0.05 and 0.01 significance level. 
"L/T = Participant given lean(L) sandwich obtained with growth 
promotant and asked to bid for typical(T) sandwich. T/L = opposite auction. 
Experiment n vs. Experiment m 
- In Experiment HI participants were provided the money prior to the trial, 
other than this all factors were the same as in Experiment II. 
In general, the respective bids for each auction were higher for Experiment I than 
for the other two experiments. The exception were the bids for the Experiment II 
auction T/L where participants bid higher than the same auction of Experiment I. 
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Similarly, all bids for both sets of auctions for higher for Experiment II compared 
to Experiment III. Thus, it is apparent that providing the money prior to the bidding in 
Experiment in significantly lowered the bids of participants. Also, all bid for both sets 
of auctions for Experiment I were higher than for Experiment m. The results seem to 
suggest that in this context where the consumers preference may be ambiguous toward 
the product, the participants should be provided equal valued products in the pre-trial 
to avoid biasing the experiment. Also, bids are inflated when participants are given 
money after the trial. They seem to place a higher value on money in hand than money 
to be given later. This is consistent with economic principles, and more importantly the 
money in hand more accurately represents consumers' food purchases in the real world. 
From the above tests, it may be concluded that participants used in this 
experiment would be willing to pay more for the leaner growth hormone treated product. 
Also, it is shown that Experiment m represents the most likely results in reality, and 
these results are used for the simulations which will follow. 
Summary 
Survey techniques are incomplete in providing information predicting consumer 
response. At best, they provide an indication of the expected direction of consumer 
response. They are not reliable for providing estimates of the level of response. An 
experimental approach was developed to more accurately assess and measure consumers' 
willingness to pay for leaner meat produced with the use of growth promotants. 
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Initial results for the consumer experiments were checked for robustness by 
attempting to alter designs of subsequent experiments to eliminate potential biases which 
were not readily evident without conducting the experiment. The three experiments 
were consistent in the pattern of the results obtained. Consumers appear to value the 
leanness of the meat more than they discount the growth hormone treatment used to 
obtain the leaner product. However, the magnitude of the net willingness to pay varies 
between experiments. It is important to refrain from predisposing participants to bid on 
obvious value differences in the pre-trial auctions, because this seems to carry through 
to the auction of interest by invoking participants to place higher bids. Significance is 
also attached to the timing of providing the participants with money. Providing 
participants with money prior to running the trials dramatically lowers their willingness 
to pay. 
The results indicate that with the information provided, consumers would be 
willing to pay 18% over the value of the typical product for a leaner product even 
though it was treated with growth promotants. 
The experiments to this stage provide insights into consumers preferences. 
However, there are many issues and problems to be resolved. For example, if lean meat 
is truly preferred, why do those given the leaner sandwiches still bid positively? This is 
most likely because of the truncation of the distribution of bids to the positive range. 
Thus, any bidding automatically results in a positive willingness to pay, even if other 
participants would desire to bid less than zero. The negative bid would be the case if 
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the person prefers lean meat and suggests that he/she would require compensation for 
consuming the typical sandwich. The extension of the experiments to encompass this 
contingency is under way, but will require more time and work than is necessary for the 
purposes of this dissertation. 
Another issue for further study is the impact of various descriptions of the growth 
enhancer used. It is expected that consumers will confront a myriad of media and 
scientific (or not so scientific) information when these products are introduced into the 
market place. It is necessary to determine consumers' response to these various 
information sets under the controlled envirormient of the experiments to help determine 
what actual consumer response might be. This issue is also under investigation. 
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CHAPTER?. PARTIAL BUDGET ANALYSIS 
As a first step to the empirical analysis of the economic impacts of growth 
promotants on the livestock industry, the micro economic or firm impact of the technical 
changes must be discerned. Partial budget analysis of the livestock production enterprise 
under current technologies, and then with the use of growth promotants provides a point 
in time estimate of the economic impacts of the growth promotants on a per head basis. 
However, partial budgeting reflects only static economic impacts and does not account 
for any dynamic supply or demand repercussions which may occur. As costs of 
production decrease producers expecting the same output price would be expected to 
expand production. This increase in supply would result in reduced market prices in the 
future, and eventually a new market clearing equilibrium would be reached. Thus, 
partial budgeting of the economic impacts of growth promotants merely provides a point 
of departure for analyzing the dynamic economic effects which will result from the 
adoption of the new technology. 
For the pork, beef, and broiler sectors, partial budgets under current production 
technologies are developed. The technical impacts of growth promotants will be 
factored into the ration requirements and growth characteristics to illustrate the initial 
economic implications for those producers adopting growth promotants. Both 
somatotropins and S-agonists will be considered for beef and pork, while only S-agonists 
will be included in the development of the broiler budgets. 
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Swine Enterprise Partial Budgets 
The partial budget analysis is begun by creating a swine enterprise budget based 
on current production technology. Then the technical changes from using pST or a S-
agonist are incorporated into the budget to determine the static impacts of pST or the 
S-agonists on a representative hog. Table 7.1 is the completed partial budget comparing 
conventional feeding practices to the incorporation of pST or a S-agonist. Tables 7.2-7.4 
provide a summary of the underlying assumptions which are used to build the partial 
budget. 
Somatotropin budget for hogs 
Because pST is administered only during the growing phase of production, the 
partial budget represents only this period of the production cycle. The other stages such 
as farrowing and the breeding herd are not directly affected by the administration of 
pST. A representative enterprise which employs current production technologies is 
presented as a typical swine enterprise. Assuming that the biological constraints of hog 
production are limiting, and not facilities or management, it is unnecessary to specify the 
type of production system. From the price and production relationships, the expected 
income over all costs of the typical producer is determined. 
In constructing the budget for the typical producer, income is generated solely by 
the sale of the market hog. The hog is marketed at a weight of 230 pounds and at a 
given price. A death loss of four percent of sales income is subtracted from the sales 
income to provide a proxy for mortality rates. 
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Table 7.1. Finishing feeder pigs enterprise budget 
Typical Somatotropin ^-agonist 
INCOME 
Market hog 230# @ $48.04/cwt. 
(4% death loss) 
VARIABLE COSTS 
Feeder Pig (40 #) 
Interest @ 11% 
(days on feed) 
Feed costs (40-120#) 
Com 
Soybean Meal 
Premix 
Feed costs (120-230#) 
Com 
Soybean meal 
Premix 
Total feed costs 
Veterinary and medical 
Fuel, repairs & utilities 
Marketing, misc. 
Interest on feed, other costs 
Labor @ $6/hr. 
Total Variable Costs 
INCOME OVER VARIABLE COSTS 
FIXED COSTS 
Machinery, fadlities 
TOTAL OF ALL COSTS 
INCOME OVER TRADITIONAL COSTS 
- cost of promotant 
INCOME OVER ALL COSTS 
106.92 
40.28 
133 
109 days 
730 
4.61 
1.07 
9.61 
5.02 
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29.00 
2.00 
2.00 
2.00 
0.56 
4.50 
81.67 
25.25 
637 
88.04 
18.88 
0.00 
109.43 
4028 
1J24 
102 days 
730 
4.61 
1.07 
7.10 
5.22 
Lll 
26.40 
2.00 
2.00 
2.00 
0.45 
4.21 
78.59 
30.84 
6.12 
84.71 
24.72 
1.93 
108J9 
40.28 
1.27 
105 days 
730 
4.61 
1.07 
8.54 
4.57 
1.24 
2733 
2.00 
2.00 
2.00 
0.49 
430 
79.66 
28.93 
6.19 
85.86 
22.74 
1.27 
18.88 22.80 21.46 
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Table 7.2. Price assumptions for swine enterprise budgets® 
Item Price 
Market hog ($/cv.t.) 48.04 
Feeder pig ($/hd) 4028 
Com ($/bu.) 2.50 
Soybean meal ($/ton) 180.80 
Premix ($/ton) 400.00 
'Price average for 1987-1991 period, NASS, USDA. 
Table 7.3. Ration formulation and growth characteristics of non-treated swine® 
Item 40-120 lbs. 120-230 lbs. Lifetime 
liveweight liveweight 
Com, lbs. (ration %) 163.42 21529 378.72 
(7622) (77.50) (76.11) 
Soymeal, lbs. (ration %) 50.98 55.56 106.54 
(23.78) (20.00) (21.41) 
Limestone, lbs. (ration %) 1.61 2.08 3.69 
(0.75) (0.75) (0.74) 
Dicai, lbs. (ration %) 225 2.92 5.17 
(1.05) (1.05) (1.04) 
Salt, lbs. (ration %) 0.54 0.69 1.23 
(0.25) (0.25) (0.25) 
Vitamins, lbs. (ration %) 0J4 0.69 1.23 
(0.25) (025) (0.25) 
Minerals, lbs. (ration %) 0.43 0.56 0.98 
(0.20) (0.20) (0.20) 
Average daily gain, lbs./day 1.43 2.06 1.74 
Feed efficiency, feed/gain 2.68 2.53 2.59 
Days on feed 55.94 53.44 10934 
Backfat, inches n/a 1.00 1.00 
Loin eye area, in  ^ n/a 5.40 5.40 
' Spike et al., 1990 
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Table 7.4. Likely effects of pST on rations and growth characteristics of swine 
Item 40-120 lbs. 120-230 lbs. Lifetime 
liveweight liveweight 
Com, lbs. (ration %) 163.42 158.97 322.39 
(76.22) (71.53) (72.94) 
Soymeal, lbs. (ration %) 50.98 57.71 108.69 
(23.78) (25.97) (24.59) 
Limestone, lbs. (ration %) 1.61 1.67 3.27 
(0.75) (0.75) (0.74) 
Dical, lbs. (ration %) 2.25 2.33 4.58 
(1.05) (1.05) (1.04) 
Salt, lbs. (ration %) 0.54 0.56 1.09 
(0.25 (0.25) (0.25) 
Vitamins, lbs. (ration %) 0.54 0.56 1.09 
(0.25) (0.25) (0.25) 
Minerals, lbs. (ration %) 0.43 0.44 0.87 
(0.20) (0.20) (0.20) 
Average daily gain, Ibs./day 1.43 2.37 1.69 
Feed efficiency, feed/gain 2.68 2.02 2.30 
Days on feed 55.94 46.47 102.00 
Backfat, inches n/a' 0.80 0.80 
Loin eye area, in^ n/a 5.94 5.94 
" not applicable 
Variable costs include those items which are incurred only if the decision to 
produce is made. This includes such things as the cost of the feeder pig (an opportunity 
cost for producers raising their own), feed costs, and other miscellaneous operation costs. 
Feed costs represent the largest portion of the variable costs of production. To facilitate 
incorporation of growth promotants into the framework, feed rations are broken into two 
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components; from 40 to 120 pounds of live-weight and from 120-230 pounds of live-
weight. This is because growth promotants have been found to have their greatest 
impacts over the 120 to 230 pound stage of growth. The same ingredients are used for 
all rations, but the proportions of the ingredients vary. Hogs are generally fed a corn-
soybean meal ration, with other minor ingredients to meet dietary needs. The specific 
ration formulations are shown in Tables 7.3 and 7.4. The rations conform to the 
National Research Council's recommendations on the nutrient requirements for swine 
(Spike et al., 1990). Hogs weighing 40-120 pounds are fed a 16 percent crude protein 
ration, while hogs weighing 120-230 pounds are fed a 15% crude protein ration. Feed 
costs comprise 35-40 percent of the variable costs associated with hog production. The 
value of other variable costs were taken from Iowa State University Extension livestock 
enterprise budgets. Although these will vary depending on the individual producer's 
management sophistication and production methods, they are assumed to be unaffected 
by the use of growth promotants and thus their absolute levels are not crucial to the 
analysis. Fixed costs of production are taken from the same source, the same argument 
holds for its value. For the assumed prices and production levels, income over all costs 
for the representative enterprise is $18.88. However, this value is highly dependent on 
price and production relationships. 
For comparison, the impacts of administering pST are incorporated into the 
budget. As mentioned, pST is most effective if used during the finishing phase &om 120-
230 pounds. Thus, it will not affect costs occurring prior to this stage. The primary 
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effects are on average daily gain and feed efficiency which will affect the feed costs. In 
addition, pST increases the lean content and reduces the fat content of pork, leading to 
a higher quality product according to the preferences of consumers. In addition to the 
changes in hog performance, administration of pST requires feeding a higher crude 
protein ration. Experiments using pST have shown that a ration consisting of at least 
17% crude protein is necessary for obtaining higher growth levels. To contrast the two 
rations, untreated hogs are fed 215.29 pounds of com, 55.56 pounds of soybean meal and 
6.94 pounds of a vitamin/mineral supplement formulation. Meanwhile pST treated hogs 
are fed 158 pounds of com, 57.71 pounds of soybean meal, and 5.56 pounds of a 
vitamin/mineral premix during the 120-230 pound stage of growth. Notice that the pST 
treated hogs require less total feed than those not treated. This is a result of improved 
feed efficiency and average daily gain when pST is used. However, as a result of the 
requirement for a higher cmde protein ration the mix of the ration changes, so that less 
com is used and more soybean meal is required to meet the protein needs. Thus, as the 
price relationships of com and soybean meal change, it could be possible that the pST 
ration which uses less feed could cost more than the conventional ration. However, at 
the price levels used for the analysis, feed costs decline $2.60. Other variable costs are 
assumed to be unaffected by the use of pST. Of the other variable costs, labor costs 
would be the most likely to change with the use of pST. Labor costs per hog produced 
should be expected to decline from the use of pST since average daily gain increases. 
To account for this change labor costs were decreased according to the fewer days on 
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feed for pST treated hogs. However, at the current stage of development it appears that 
pST will require administration by injection or implant, thus these labor savings may be 
negated. 
Fixed costs may also change slightly with the use of pST. As a result of the 
increase in average daily gain from using pST, it is expected that those producers using 
pST will be able to produce more meat per unit of hog capacity. This influences the 
fixed costs of production, causing the amount of fixed costs allotted to each hog to 
decline. 
Finally, it is necessary to factor in the cost of pST. In interviews with those 
companies developing the product, it was determined that initial pricing likely will follow 
a rule of thumb of 1 dollar cost for every 3 dollars of increased return the producer 
gains Srom using the product. As formulated here, the cost of pST would be $1.93 per 
dose. 
To this point, the focus of the partial budget with the use of pST has been on the 
cost changes. However, it is also necessary to consider possible changes in income. As 
mentioned, pST is reported to increase lean deposition and decrease fat deposition. 
Thus, the potential exists for those hogs treated to warrant a carcass merit premium. 
The premiums paid for superior hogs varies across packers. However, after interviewing 
several of the major packers, it was found that in general a hog with 20-25% reduced 
backfat will command a carcass premium of $1.50 to $2.35 per hundredweight. This 
premium is incorporated into the sales income in the partial budget with the use of pST. 
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S-agonist budget for hogs 
The same process is used for S-agonist partial budget development. As with pST, 
the S-agonists are most effective over the range from 120 pounds to market weight. 
Trial studies with the use of S-agonists have shown an increase in average daily gain of 
10 percent, and a 12 percent improvement in feed efficiency. In addition, lean 
deposition is increased and fat deposition is decreased. 
Beginning with the variable costs of production, the cost of feeding is the same 
for treated and untreated until the hogs reach 120 pounds because S-agonists are not 
administered until the hog reaches 120 pounds (Table 7.1). Once administration of S-
agonists begins, the improved growth rate and feed efficiency cause feed use to change. 
In addition, it is necessary to feed a 16 percent crude protein ration to obtain the 
maximum benefits from the use of S-agonists. This causes the ration composition to 
change slightly as well. Hogs treated with S-agonists require 191.24 pounds of #2 yellow 
com, 50.59 pounds of 44% crude protein soybean meal, and 6.2 pounds of a 
vitamin/mineral premix. The precise ration formulation is provided in Table 7.4. Due 
to the increase in daily gain and the improvement in feed efficiency, even with the higher 
crude protein ration, treatment with S-agonists results in a reduction of all feed inputs. 
Thus, the feed costs associated with the use of S-agonists will always be less than the 
feed costs of untreated hogs, regardless of price levels. 
Other variable costs are assumed to remain unchanged. Although four fewer days 
are required to finish the hog, this small incremental change results in a $0.20 reduction 
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Table 7.4, Likely effects of S-agonists on rations and growth characteristics of 
swine 
Item 40-120 lbs. 
liveweight 
120-230 lbs. 
liveweight 
Aggregate 
Com, lbs. (ration %) 163.42 191.24 354.66 
(76.22) (77.10) (80.24) 
Soymeal, lbs. (ration %) 50.98 50.59 101.57 
(20.40) (20.40) (22.98) 
Limestone, lbs. (ration %) 1.61 1.86 3.47 
(0.75) (0.75) (0.78) 
Dical, lbs. (ration %) 2.25 2.60 4.86 
(1.05) (1.05) (1.10) 
Salt, lbs. (ration %) 0.54 0.62 1.16 
(0.25) (0.25) (0.26) 
Vitamins, lbs. (ration %) 0.54 0.62 1.16 
(0.25) (0.25) (0.26) 
Minerals, lbs. (ration %) 0.43 0.50 0.92 
(0.20) (0.20) (0.21) 
Average daily gain, Ibs./day 1.43 2.26 1.82 
Feed efficiency, feed/gain 2.68 2.25 2.43 
Days on feed 55.94 48.58 105.00 
Backfat, inches n/a® 0.89 0.89 
Loin eye area, in.^ n/a 6.05 6.05 
' not applicable 
in costs over the life of the animal, which is very minor in relation to other costs. In 
fact, this may very well be offset by increased management requirements with the use 
of S-agonists. Meanwhile, fixed costs allocated to each hog decline slightly as the hog 
remains in the facility for a shorter time period. Finally, S-agonists are priced as pST 
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was (for every 3 dollars of return over untreated hogs, the S-agonist costs 1 dollar). In 
this case, the S-agonist is estimated to cost $1.27 per hog. 
Having considered the changes in the cost structure from the use of S-agonists, 
the income changes from the use of the S-agonist must be considered. As was the case 
with pST, hogs treated with S-agonists exhibit improved lean deposition, and reduced fat 
deposition. Using the same information as for pST, hogs treated with S-agonists should 
command a small premiimi. In this case, treated hogs provide a $1.67 per head increase 
in sales income. 
Both pST and the S-agonists apparently provide incentives for their use in hogs. 
pST is found to increase income over all costs by $3.92 per hog, while the S-agonist is 
foimd to increase income over all costs by $2.58 per hog. However, it is important to 
understand that this result is dependent on expected market hog prices and premiums, 
for carcass improvement, and input prices. Thus, it is intended to provide a starting 
point in determining where the primary impacts of the incorporation of growth 
promotants occur in a hog finishing enterprise. 
Beef Enterprise Partial Budgets 
The backgrotmd for creating a partial budget for untreated steers will be 
discussed, then the changes which are imparted by either the use of bST or the S-
agonists will be presented. The partial budget is presented in Table 7.6. Information 
used to generate the budget is included in Tables 7.7 and 7.8. 
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Table 7.6. Finishing feeder steers enterprise budget. 
INCOME Typical bî»r ^•agonists 
Sales income 1100# @ $0.684 751.96 765.82 765.82 
Minus death loss (1% of sales) 7J2 7.W) 7.66 
Gross income 744.44 75H.U> 758.16 
VARIABLE COSTS 
Feeder cost (650# @ $0.798/lb.) 518.44 51H.44 518.44 
Interest cost @ 11% (days on feed) 24.60 21.3« 21.02 
(157.4) (i^o.y) (134.6) 
Feed costs 
com 77.31 67.23 65.52 
com silage 29.52 25,67 25.02 
40-20 npn supplement 14.17 12.32 12.01 
limestone 0.77 0.67 0.65 
KCl 0.20 0.17 0.17 
Total feed costs 121.77 105.8y 103.20 
Veterinary and health 8.00 8.00 8.00 
Machinery and equipment 7.00 7.1X1 7.00 
Marketing and miscellaneous 25.00 25.(X) 25.00 
Interest @ 11% on feed, other costs 3.31 2.2r> 2.14 
Labor (2.5 hrs., @ $6.00/hr. 15.00 1.1.05 12.82 
Total variable costs 723.12 701.02 697.63 
INCOME OVER VARL\BLE COSTS 21.32 .S7.U 60.54 
FIXED COSTS 
Machinery, equipment, housing 15.00 I.V05 12.83 
TOTAL COSTS 738.12 714.07 710.46 
INCOME OVER ALL STANDARD COSTS 6.32 44.(W 47.70 
- cost of growth promotant 0.00 12.50 13.79 
INCOME OVER ALL COSTS 6.32 33.91 
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Table 7.7. Price assumptions for beef enterprise partial budget* 
Item Price 
Market steer price, $/cwL 6839 
Feeder calf price, $/cwt. 79.76 
Com price, $/bu. 2.50 
Com silage price, $/cwt. 25.00 
Supplement, $/lb. 0.18 
20-40 npn supplement, $/ton 200.00 
KCl, $/ton 250.00 
Limestone, S/ton 140.00 
'Average prices for 1987-1991, NASS, USDA. 
Table 7.8, Likely effects of bST and S-agonists on rations and growth 
characteristics of beef 
Item Untreated bST treatment /}-agonist treatment 
Com, lbs. (ration %) 1731,82 1505.93 1467.64 
(40.77) (40.77) (40.77) 
Com silage, lbs. (ration %) 2361.57 2053.54 200133 
(55J9) (55.60) (55.60) 
40-20 npn*, lbs. (ration%) 141.69 123.21 120.08 
(334) (334) (334) 
Limestone, lbs. (ration %) 11.02 9.58 934 
(0.26) (0.26) (0.26) 
KCl", lbs. (ration %) 1J7 137 133 
(0.04) (0.04) (0.04) 
Average daily gain, lbs./day 2.86 3.29 334 
Feed efficiency, DM'/day 5.68 4.94 4.81 
Days on feed 157.40 136.90 134.60 
Backfat, inches 330 3.00 2.75 
Loin eye area, in.^  1.80 2.07 225 
* Non-protein nitrogen supplement (urea) 
" Potassium chloride supplement 
' Dry matter basis 
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For the analysis, only beef cattle fed from 650 to 1100 pounds are considered, 
primarily because this is the most likely period during which the growth promotants will 
be used. Thus, other production stages will likely not be directly affected by the use of 
growth promotants. 
The budget is primarily determined by the biological production relationships in 
beef cattle. The biological relationships employed are provided in Table 7.7. Under 
conventional feeding practices, it takes 157.4 days to finish a feeder from 650 pounds to 
1100 pounds. As with hogs the largest component of the variable costs is feed. Feed 
costs are dependent on total feed requirements and feed prices. The ration used consists 
of #2 yellow com, com silage, a 40-20 non-protein nitrogen (npn) supplement, limestone 
and potassium chloride (KCl). The composition of the ration was determined using a 
computerized beef feedlot ration system developed by Iowa State University Extension. 
The feed requirements for beef cattle were based on the NRC nutrient requirements for 
beef. The ration required 4247.68 pounds of feed to finish a beef animal from 650 
pounds to 1100 potmds. At the price levels assumed, this ration costs $121.77. 
Other variable costs comprise a much smaller portion of the costs. Other variable 
costs consist of veterinary and health expenses, machinery and equipment, marketing 
costs, interest on variable costs, and labor costs. 
Fixed costs are the costs which are incurred whether production occurs or not. 
Although these may vary between producers and with production methods, the $15.00 
estimate was from Livestock Enterprise Budgets for Iowa—1990. 
159 
Gross income minus total costs provides a figure for income over all costs. 
Income is assumed to be generated solely by the sale of the finished animal. For the 
prices and technical relationships specified, the income over all costs for feeding cattle 
from 650 to 1100 pounds is $632. 
Somatotropin budget for beef 
Technical studies on the impacts of bST have shown that treated cattle do not 
require any change in ration formulation from untreated animals. Therefore, although 
the amount of ration required with the implementation of growth promotants in beef 
cattle will likely change due to the improvement in feed efficiency and average daily 
gain, the composition of the ration will likely remain the same. For beef cattle treated 
with bST, the rate of average daily gain increase and the rate of feed efficiency 
improvement are the same. Therefore, per day the same quantity of feed to maintain 
the animal is the same. However, since it will take 20.5 less days to feed the animal to 
1100 pounds, the total feed required declines. Untreated beef cattle require 4247.68 
pounds of the complete ration to reach market weight, whereas beef cattle treated with 
bST only require 3693.64 pounds of feed to reach market weight. This results in feed 
savings of $15.88. This represents the greatest savings from the use of bST. Savings due 
to decreases in other variable costs are minimal, and include only reduced interest 
expense and reduced labor expense due to fewer days on feed. Note that the reduction 
in labor may not occur due to the fact that bST must be injected or implanted. 
However, unlike hogs, implanting is a common practice with other compounds used in 
160 
beef production, and may not have any effect if all implants can be done at once. 
Finally, the cost of bST must be included in the analysis. As with pST, manufacturers 
indicate that initially the product will be based on a formula of a cost of one dollar for 
ear,h three dollars additional return to the producer from the use of bST. 
S-agonist budget for beef 
The use of S-agonists in beef cattle production has effects similar to bST. S-
agonists are reported to increase average daily gain by 17% and feed efficiency by 15%. 
No change is required in the feed ration. However, due to feed efficiency improvements 
and the increase in average daily gain, it takes less feed to finish the animal. The total 
feed requirements to finish a beef animal from 650 pounds to market with S-agonist is 
3599.73 pounds of the ration, compared to 4247.68 pounds to finish the animal with 
conventional practices and 3693.64 pounds of feed to finished the animal with the use 
of bST This results in a feed cost savings of $18.57 compared to traditional feeding 
practices. This is even greater than the cost savings from using bST. Once again, the 
only other savings in variable costs results from the reduction in interest expenses and 
labor costs from reduced days on feed. The reduced labor costs are a more valid 
assumption with the use of S-agonists rather than bST because S-agonists can simply be 
administered in the feed. The cost of S-agonists are once again assumed to be one 
dollar for every three dollar return over returns generated by conventional feeding 
practices. 
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Both bST and the S-agonists improve the carcass quality of treated animals. 
Thus, grade and yield pricing is incorporated in the budgets. Little published 
information exists on how the value of the carcass is determined based on the carcass 
grade and yield, and pricing practices differ among packers. The grade and yield pricing 
impact estimate is based on a pricing system implemented by Excel Corporation, and 
designed by Dr. Del Allen of Kansas State University. The system is based on the 
amount of backfat, and the size of the loin eye. A yield grade of 3 is assumed to be the 
average of the steers produced, which involves a backfat measure of 3.2-3.5 inches, and 
a loin eye area of 1.7-1.8 inches per hundredweight carcass. Grade 2 requires 2.8-3.2 
inches of backfat, and 1.8-2.0 inches of loin eye area per hundredweight carcass. Grade 
1 requires less than 2.7 inches of backfat, and a greater than 2.0 inch loin eye area per 
hundredweight carcass. In addition, to be considered a grade of 1, both criteria must be 
met. However, both grades 1 and 2 receive a $2.00 per hundred potmds of carcass 
weight premium. Thus, with the use of either bST or the S-agonists, an average grade 
3 animal should always easily be a grade 1 or a grade 2. Correspondingly, it is assumed 
that all animals treated v.dll receive the $2.00 per hundred pounds of carcass weight 
premium, and use of either growth promotant results in an increase in sales income of 
$13.86. Considering both increased sales and the cost savings from using bST, the use 
of bST results in a $25.18 increase in net income over all costs compared to untreated 
animals. Likewise, the use of S-agonists results in a $27.59 increase in net income over 
all costs compared to untreated animals. It is important to recall that these figures 
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represent only the improved profitabihty for initial adopters. In the longer run, the 
increased profits will provide incentives for others to enter production, supply will 
increase. While the comparative advantage of adopters versus non-adopters will 
continue, increased profits will be removed as the overall price drops. Thus, in order 
to determine the aggregate impacts, and the impacts over time, it is necessary to 
determine dynamic market impacts. 
Broiler Enterprise Partial Budgets 
The partial budgeting format for the incorporation of growth promotants into 
broiler production will closely follow the format for pork and beef. However, important 
differences exist among those industries. 
Broiler production in the U.S. is largely controlled by slaughterers, processors, or 
feed dealers through either ownership or production contracts. Thus, unlike the pork 
and beef sectors, the production costs of broilers extend beyond the farm gate to the 
wholesale level. Thus, the partial budgets developed include the on farm costs of 
production as well as the costs of production from farm to wholesale product. However, 
the primary impacts of growth promotants are during the growth phase of production 
which occurs on the farm. 
Broilers are generally raised by from chicks to a live-weight of 4.2 pounds. The 
ratio of feed to gain (feed efficiency) is currently around 2 pounds of feed per pound of 
gain, and broilers are generally ready for market in 49 days. Dressing percentage has 
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reached a level of 75 percent. These technical relationships are shown in Table 7.9. 
Feed costs account over 70-75 percent of the production costs. Thus, the breakdown of 
feed components is essential in determining the costs of production. Table 7.9 provides 
a suggested ration for broiler productioiL The ration is compiled from recommendations 
by the National Research Council. Com and soybean meal comprise 86.53 percent of 
the ration for broilers. Overall, crude protein comprises 20% of the ration. These 
growth characteristics and ration requirements are necessary for determining the partial 
enterprise budget (Table 7.10). 
Sales income for broilers is the ready-to-cook pounds of chicken multiplied by the 
wholesale price of chicken. A 3% mortality rate is subtracted from the sales income to 
arrive at gross income. Costs are broken into two components to facilitate the 
incorporation of growth promotants. The first component is the costs incurred during 
the growing stage which will be affected by the use of growth promotants. Production 
costs include the cost of the chick, feed costs, veterinary services, a payment to the 
grower, fuel, and other miscellaneous expenses. The second cost component is the farm-
to-wholesale costs incurred which will not be affected by the use of growth promotants. 
These costs include the marketing costs associated with moving the bird from the farm 
through the wholesale level to the retailer. This includes costs associated with processing 
the broiler, and are estimated on a ready-to cook basis as opposed to the live-weight 
basis used to determine production costs. 
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Table 7.9. Likely effects of CGH and S-agonist on rations® and growth of broilers 
Item Untreated CGH treatment S-agonist 
treatment 
Com, ration % 61.780 61.780 61.780 
Soybean meal, ration % 24.750 24.750 24.750 
Meat & bone meal, ration % 4330 4330 4.330 
Alfalfa meal, ration % 2.000 2.000 2.000 
Stabilized fat, ration % 4.000 4.000 4.000 
Fish meal, ration % 0.670 0.670 0.670 
Limestone, ration % 0.520 0.520 0.520 
Dicalcium phosphate, ration % 0.600 0.600 0.600 
Salt mineral, ration % 0.250 0.250 0.250 
Vitamin premix, ration % 1.000 1.000 1.000 
Methionine, ration % 0.100 0.100 0.100 
Average daily gain, Ibs./day 0.086 0.087 0.088 
Feed efficiency, feed/gain 2.000 2.011 1.970 
Days on feed 49.000 48.230 47.620 
Dressing percentage 75.000 75.000 75.000 
" not affected by growth promotants 
Studies on the use of chicken growth hormone (CGH) have in general shown 
small effects on broilers, with only a 1.6 percent increase in daily gain and a 0.93 percent 
increase in feed intake. This may be due to the very short growth periods for broilers 
which do not allow a long enough treatment time for the hormones to affect the growth. 
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Table 7.10. Broiler enterprise partial budget 
CGH jS-agonist 
Typical treatment treatment 
INCOME 
Sales income (3.15# @ $0.55) 1.73 1.73 1.73 
Minus death loss (3%) 0.05 0.05 0.05 
Gross Income 1.68 1.68 1.68 
VARIABLE PRODUCTION COSTS 
Chick 0.15 0.15 0.15 
Interest @ 11% 0.00 0.00 0.00 
Feed costs 
Cora 0.17 0.16 0.17 
Soybean meal 0.14 0.13 0.14 
Other 0.12 0.12 0.12 
Total feed costs 0.44 0.41 0.43 
Veterinary and health 0.01 0.01 0.01 
Grower payment 0.15 0.15 0.15 
Service, fuel, misc. 0.03 0.03 0.03 
Total Variable Production Costs 0.63 0.61 0.62 
FARM WHOLESALE MARKETING COSTS 
Variable costs 031 031 031 
Fixed costs 0.04 0.04 0.04 
Offal credit -0.02 -0.02 -0.02 
Total in plant costs 033 033 033 
Assembly costs 0.04 0.04 0.04 
Distribution costs 0.09 0.09 0.09 
Total Farm-Wholesale Costs 0.47 0.47 0.47 
TOTAL COSTS 1.10 1.07 1.09 
INCOME OVER PRODUCTION COSTS 0.58 0.61 0.59 
- cost of growth promotant 0.00 0.01 0.00 
INCOME OVER ALL COSTS 0.58 0.60 0.59 
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This may also be due to the possibility that broilers are already highly efficiem lean meat 
producers, and therefore additional growth hormone provides little incremental 
improvement. An additional problem with the use of CGH is that like its counterparts 
in pork and beef, it must be injected or implanted. Due to the highly intensive 
production practices used for broilers this likely limits the feasibility of its use on a 
commercial basis. In spite of these limitations, the effects of CGH on the enterprise 
budget for a single broiler shows that CGH improves returns by 2 cents per broiler. This 
very small margin per bird may provide a large enough increase to make the use of 
CGH feasible in a highly competitive, low-margin industry. 
S-agonists also provide some positive results for use in commercial broiler 
production. Although few studies have been conducted, at least one study by Rickes et 
al. (1987) has found that use of the S-adrenergic agonist L-644,969 administered at .25 
parts per million increased broiler weights 2.9%, and improved feed efficiency 1.5%. 
Although these may be small incremental changes, these may provide substantial 
aggregate increases given the large size of poultry production units. In addition, fi-
agonists are more likely to be feasible for broiler production since they are administered 
as feed additives. Incorporating these production changes into the partial budget 
framework shows that the use of S-agonists increases income over all costs by $.01 per 
broiler. Although this may be a very small marginal change, broiler producers typically 
operate on a much smaller margin per broiler and will likely find this enough incentive 
to incorporate the growth promotants into their production practices. 
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Summaiy 
Paniai budgeting provides a useful tool for determining the static economic 
impacts a new technology may have on production. Partial budgeting provides useful 
information on the points of impact during the production process, and also the 
magnitude of these impacts. For initial adopters of the new technology, the partial 
budget may provide a good approximation of the cost of production changes as well as 
returns. However, as more producers enter the market or increase production due to 
increased returns, the profits can be expected to be driven from the market. The 
remaining chapters will be concerned with developing the theoretical background for the 
types of dynamic changes mentioned, and then providing the empirical analysis to aid 
in determining the expected dynamic changes in the livestock industry from the 
incorporation of growth promotants. 
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CHAPTER 8. CONCEPTUAL ISSUES IN LIVESTOCK SUPPLY ESTIMATION 
Chapter 3 presented the conceptual impacts of a technical change through the 
development of the production function and the associated cost and profit function. The 
objective of this study is to enhance the qualitative and quantitative understanding of the 
distribution of impacts that would result from the adoption of a new technology. One 
method of quantifying the dynamic nature of such adjustments is the use of broad 
general equilibrium econometric models of the livestock industry. Accordingly, the 
thrust of this chapter is the methodological considerations of a partial equilibrium 
econometric simulation model for the supply sector of the livestock industry. First, the 
relevant theoretical literature regarding representation of supply will be presented. 
Second, specific methodological issues regarding the development of the econometric 
simulation model will be considered with special attention given to those aspects of 
livestock supply which will be affected by the adoption of growth promotants. 
Previous Studies 
While there are relatively few full scale livestock sector models developed and 
used for economic simulation (Weimar and Stillman (1990), Peel (1989)), there is a vast 
literature reporting industry models and issues in modeling the various parts of the 
livestock sector. These studies cover a set of issues related to development of livestock 
commodity models, behavioral relationships, estimation procedures, dynamics and data. 
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To date, many attempts to model the supply behavior of the livestock industry 
have been a mixture of economic theory and ad hoc techniques. Supply dynamics have 
received considerable attention in agricultural economics. In general, producers' 
decisions on production levels are affected by the expected prices they will receive at the 
time of sale of the commodity. That is, if the producer expects output prices to be 
favorable, it is likely that breeding herd expansion will occur so that more production 
will be available at the time of higher prices. However, future prices are uncertain, so 
the producer must formulate decisions based on price expectations. How to formulate 
producer response to such price expectations has received much attention. 
The most simplistic and perhaps least useful formulation is naive expectations, 
where the producer expects the next period's price to be the same as the most recent 
historical period's price. That is, the producer believes P/ = Pt.^. Where, P/ is the 
expected price for the current period, and P^ is the past period's price. The problem 
with this formulation is that it assumes the producer does not respond to any information 
outside of the past period's price, and thus does not realistically capture industry supply 
dynamics. 
Cagan (1956) proposed the adaptive expectations hypothesis. In this framework, 
expectations (P*) are revised in proportion to the error associated with the previous level 
of expectations. This formulation is represented by Equation 8.1. 
( 8 1 )  =  P ( P , - 0 ,  0 < p < l  
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This model implies a geometrically declining distributed lag form for expected prices as 
a function of all past prices. That is, more recent prices are granted more weight in the 
expectation of future price, but previous periods provide information to a lesser degree 
as time progresses. Equation 8.2 provides the representation of the geometrically 
declining weights suggested by adaptive expectations. 
Nerlove (1956) expanded on the adaptive expectations framework and proposed 
a lagged form of the partial adjustment model. In this model, current values of the 
independent variables determine the "desired" value of the dependent variable. The 
starting point of the framework is exemplified by Equation 8.3. 
However, as with the adaptive expectation model, only a certain portion of the 
adjustment occurs within a time period. Equation 8.4 represents the adjustment 
structure, and by substituting Equation 8.3 into Equation 8.4, the general formulation of 
the model shown by Equation 8.5 is reached. 
(82) 
= EPa-P)'A-i 
(83) y; 
(84) 
(8.5) 
= YCy/ 
y, = ûY^,+(i-Y)y,.i+Y", 
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This model leads to exactly the same reduced form equation as the adaptive expectations 
model, except that it does not induce additional serial correlation in the disturbances if 
there was none to start with. This model formulation has been quite popular for 
representing supply response for those processes which have a cyclical component and 
production does not react immediately to the price levels observed. 
Another proposed model for price expectations is the rational expectations model 
as proposed by Muth (1961). Muth extends the hypothesis that expectations are 
essentially the same as the predictions of the relevant economic theory. The rational 
expectations hypothesis as expounded by Muth asserts three things: (1) information is 
scarce, and the economic system generally does not waste it; (2) the way expectations 
are formed depends specifically on the structure of the relevant system describing the 
economy; (3) a "public prediction" will have no substantial effect on the operation of the 
economic system. Essentially, Muth suggests that by solving the general equilibrium 
supply and demand conditions of a sector for price, the price suggested by the theoretical 
construction should be used as the expected price for the next period. Thus, it is 
rational for the producer's expected price to be the same as the theoretical price. 
The various price expectation models discussed represent a continuum of 
expectations formation from no change in price expectation for the naive expectations 
formulation, to the formation of expectations which are identical to those suggested by 
the relevant economic theory for rational expectations. Although all forms have their 
individual merits, the partial adjustment framework for prices will be utilized in this 
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model for several reasons. First, naive expectations are clearly inconsistent with the 
dynamics observed in agricultural production. Prices for the current period do change 
from the previous period's prices. Adaptive expectations, while very similar to partial 
adjustment framework, creates the problem of inducing serial correlation in the 
disturbances. The rational expectations hypothesis implies that producers are able to 
adjust production immediately to the expected prices. However, in agricultural 
production, and especially livestock production with its high entry costs, lags are 
observed for a producer to respond. In a multi-period simulation model it is impossible 
to accurately determine expected prices needed for solution. Thus, the partial 
adjustment framework with its exogenous and lagged predetermined variables seems to 
provide a reasonable foundation for the econometric modelling of the supply in an 
industry which requires time to adjust due to high capital requirements and the inherent 
biological lags which remain relatively constant in livestock production. 
The partial adjustment framework allows the incorporation of systematic price 
expectations to enter the model. However, the biological lags inherent in the production 
of livestock offer prior information on the production process which should be used to 
advantage. Watson (1970) goes so far as to suggest that the complexities arising from 
the underlying production decisions are such that in time-series regression analysis no 
satisfactory explanation of supply in terms of prices is likely to be possible, and 
consequently that life-cycle models are to be preferred in which supply is explained by 
a simulated model of the dynamic biological interactions. This represents the extreme 
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viewpoint in modeling livestock supply, as it is obvious through historical observation 
that producers do react to price levels and that biological restrictions do not solely 
account for changes in production. 
The biological production process has been best expressed by Chavas and Johnson 
(1982). They view the production process in livestock as a succession of stages where 
capital from previous stages is transformed to the next stage by inclusion of variable 
inputs at the stage of production. The production function is represented as: 
(8-6) y* = 
where, k = l,...,n; y^ is the capital stock vector at stage k; and x^ is the vector of variable 
inputs used in the kth stage of production. Thus, the inputs x^ transform the capital y^ 
into a different form of capital y^. Now by defining a profit function, using Equation 8.6 
as the production function, and maximizing, the input demand and output supply is 
shown to be a function of previous capital stock, output prices and input prices. This 
relationship is shown in Equations 8.7-8.9, 
n-l R 
t"i 
Where, p is the output price, y„ is the final output, s^ is the salvage value of the capital 
stock y^, r,j is the price of the input x^, and Tq is the purchase price of y^. Thus optimum 
input and output decisions aie given by: 
y;.,) 
and, 
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yt = /M-I. 'k) = P' 
Equations 8.7-8.9 show that the optimum situation depends on a vector of input and 
output prices and on the decisions made in previous periods with regard to production. 
Thus, if time is required for each transformation, the production occurs over a 
continuum restricted by the biological production lags. 
The conceptual form of the dynamic supply response model incorporates the 
partial adjustment hypothesis and biological restrictions. Coleman (1983) suggests that 
insufficient attention has been given to the form in which price variable enter the supply 
equations. Many researchers (Chavas and Johnson (1982), Gnmdmeier et al. (1989), 
Skold et al. 1989, Jensen et al. (1989), Freebaim and Rausser (1975), Stillman (1985) 
and Wahl (1989)) have incorporated the output price and the most relevant input price 
in their analysis either independently, or as a ratio of output price to input price. 
However, the implication of the theory of the firm is that supply depends upon the 
profitability of production, and in the multiple production case that it depends upon 
relative profitability. Prices specified independently do not adequately account for the 
relative profitability of two outputs. Further, only if the costs of production of two 
outputs move together and yields remain constant can the price ratios fulfill their 
intention of indicating profitability changes. Only Peel (1989) attempts to account 
explicitly for profitability through the use of a simplified returns function. However, the 
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construction of this function results in a loss of degrees of freedom and may introduce 
serial correlation into the system. In addition, an aggregate representative return or 
profit variable is difficult to determine because of the extreme variability across types 
of producers. Therefore, for this study, only a representation of the feed costs are 
included in price ratio form with the relevant market prices. The feed cost variable is 
included to allow for alteration of feed rations firom the changes induced by the use of 
growth promotants. 
Pork Supply Structure 
The basis for specification of the pork supply sector are the biological 
relationships of hogs. This will provide the structure for the supply system while prices 
and costs of production will be introduced with appropriate lags to help explain 
producer's decisions. 
The following structure of the pork is largely defined by the biological processes 
for hogs outlined in Chapter 4. The primary driver of pork production is the breeding 
herd inventory (QHBH). The size of the breeding herd will determine hog production 
in future periods, assuming that producers do not keep excessive or non-productive 
inventories on hand. Equation 1 in Table 8.1 is the stock-flow identity for breeding herd 
inventory. 
Barrow and gilt inventory is the second central identity' in the hog production 
system shown by Equation 2 in Table 8.1. Several flow variables enter barrow and gilt 
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Table 8.1. Conceptual hog supply sector 
1. QHBH, = + QHGPK,.i - QKS. i 
2. QHBGt = QHBGt.i + QHPPK,i + QMLHG, j -QKBG,.i 
- QHGPK^.i - QXLHG^.! - QDLj.i 
3. QKS, = /(E„ E,.i) + €, 
4. QHGPK, = /(Et, Et.i, E,.2, E,.;) + e, 
5. QHPPK, = /(QHBHJ + 
6. QKBGt = /(Et, Et.i, EtJ + Ct 
7. QWS, = /(Et) + et 
8. QWBGt = /(Et) + 6t 
9. QSLWPt = QKBGt ' QWBGt + QKSt * QWS, 
10. QSPKCt = QSLWP, « RLWCWPt 
11. QSPKT, = QSPKCt + QBSPKt +QFMPPt + QMPKt 
12. QTDPKt = QSPKT, - QESPK, - QXPK, 
13. QPCRWP, = (QTDPKt ' RCWRWPt)/POP, 
inventory (QHBG), including pig crop (QHPPK), breeding herd additions (QHGPK), 
barrow and gilt slaughter (QKBG), imports and exports of live hogs (QMLHG and 
QXLHG), and death loss (QDL). Barrow and gilt inventory is the central identity to the 
system, since all hogs pass through this classification at some point, and are then either 
added to the breeding herd inventory, slaughtered, or are accounted for as death loss. 
The breeding herd inventory and barrow and gilt inventory include all the necessary 
stock and flow variables necessary to specify the hog production sector. The flow 
variables through these identities represent variables which producers control, and thus 
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the flow equations are the equations into which economic variables enter the system. 
It is assumed that producers exercise control over the flow variables to meet desired 
inventory levels. 
As mentioned previously, the primary producer decision is the decision to either 
expand or contract the breeding herd. The producer is expected to increase or decrease 
culling and addition rates depending on output and input prices. From the breeding 
herd inventory identity (Equation 1, Table 8.1), the producers make addition or culUng 
decisions represented by the two flow variables-breeding herd additions (QHGPK), and 
sow slaughter (QKS) (Equations 3 and 4, Table 8.1). These two decisions are influenced 
by the producers input and output price expectations. The two equation specification 
allows for differing price response and lag structures between additions and slaughter. 
This is hypothesized to be the case since culling can be done quite rapidly, while it is 
expected that additions may require a longer lag period since the gilts must be raised 
and bred prior to the time they enter the breeding herd inventory. Based on biological 
relationships, lags in the additions equation may extend up to one year (4 quarterly lags). 
This one year lag allows for the current pig crop's gilts to be raised to a weight where 
they can be bred and farrowed. Only current and one quarter lags may be necessary for 
sow slaughter, since this allows enough time for those sows currently bred to be 
farrowed and slaughtered. The E/s in the sow slaughter and gilt addition equations 
represent a matrix of relevant economic variables which are expected to influence the 
producers' decisions, including barrow and gilt prices, feed costs, and interest rates. 
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Since these equations are not identities, e, is an error term which is assumed to be 
independently identically distributed with a mean of zero and a constant variance (i.e., 
- iid(0,a^)). 
Pig crop (QHPPK) is a function of the breeding herd. It is hypothesized that as 
breeding herd inventory increases, pig crop should also increase. This is a fairly constant 
relationship, but is not an identity since factors such as death loss, sows farrowing, 
disease and even new technologies may imply a changing relationship over time. The 
rudimentary pig crop equation is specified as Equation 5 in Table 8.1. Pig crop is a flow 
variable into the barrow and gilt inventory identity. 
Thus far, two major flow variables in the barrow and gilt inventory identity have 
been determined (pig crop and breeding herd additions). Barrow and gilt slaughter is 
the other major flow variable in barrow and gilt inventory. Barrow and gilt slaughter 
represents the primary production variable and is the major outflow from barrow and 
gilt inventories. For the most part barrow and gilt slaughter is expected to be 
predetermined by the nimiber of pigs bom at least two periods prior to slaughter. This 
lag is a result of the biological relationships. However, it is also expected that input and 
output prices would affect this decision since producers may delay or accelerate 
marketings due to expected price levels, and because gilts may be retained and not 
slaughtered during periods of higher expected prices. The rudimentary specification for 
barrow and gilt slaughter is shown by Equation 6 in Table 8.1. 
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For purposes of this study the flow variables—import of live hogs, export of live 
hogs, and death loss—are assumed to be exogenous. These represent very small portions 
of total hog production, and the intent of this study is not to study trade issues, although 
this may be an interesting issue for future research. 
All the necessary production equations are now in place to determine animals 
moving through the system. However, the animal production must be extended to obtain 
total pork supply, and ultimately total disappearance because this is the supply 
equivalent of consumption. This is accomplished largely through the application of 
technical identities. Sow slaughter and barrow and gilt slaughter provide the basis for 
determining the meat to be produced. These slaughter values are multiplied by the 
respective live-weights to determine total live-weight pork production (QSLWP) 
(Equation 9, Table 8.1). The weights are estimated, since slaughter timing may change 
due to price expectations and is expected to influence weights. The rudimentary 
specification of the weight equations are shown by Equations 7 and 8 in Table 8.1. 
Total live-weight pork production must be converted to carcass weight production 
(QSPKC), since much of the animal is not used in meat production. This is completed 
by multiplying the total production by a technical coefficient (RLWCWP = 0.69) which 
the USD A uses in determining pork supply and utilization. Total supply of pork 
(QSPKT, Equation 11, Table 8.1) is determined by adding in begirming stocks (QBSPK), 
imports (QMPK), and on-farm production (QFMPP). These three variables are not 
estimated. Total disappearance (QTDPK, Equation 12, Table 8.1) is the amount of 
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pork, on a carcass weight basis, which is 'consumed'. This is simply total supply less 
exports (QXPK), and ending stocks (QESPK). The final conversion is for total 
disappearance to be converted to per capita retail weight consumption (QPCRWP), or 
disappearance since this is the variable which enters the demand sector. The total 
carcass weight disappearance must be converted to retail weight because trimming and 
de-boning of pork products occurs prior to retail sale to the final consumer. This is 
completed by multiplying the total carcass weight disappearance by a technical 
coefficient (RCWRWP = 0.78) used by the USD A to determine total retail 
disappearance, and per capita pork consumption (QPCRWP, Equation 13, Table 8.1) is 
determined by simply dividing by populatioiL Per capita consumption (disappearance) 
is the link between the supply sector and the demand sector. Thus, development of the 
pork production sector is complete. In later chapters the estimation results of the 
completely specified equations will be presented. 
Beef Supply Structure 
The beef industry supply structure is based on the same logic as the pork sector, 
but it is somewhat more complicated since there are more flows between more animal 
classes (e.g., steers and heifers are classified as fed and non-fed beef). The primary 
determinant of beef production is the breeding herd. The size of the breeding herd will 
largely determine the calf crop which yields steers and heifers which are eventually 
slaughtered. The breeding herd inventory identity (QHCW) is shown by Equation 1 in 
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Table 8.2. The inflow to the breeding herd inventory is heifer additions (QAHF) which 
are defined as heifers which have calved their first calf. The outflows are through cow 
slaughter (QKCCW) and death loss. Death loss (QDLCW) is virtually a constant 2% 
proportion of the herd as estimated by the USD A. 
Table 8.2. Beef conceptual supply sector 
1. QHCW, = QHCW,.i + QAHFt.i * QKCCW, ^ - QDLCW,.i 
2. QHCCL, = QHCCL,.! + QHCB^.i + QMLBF,.i - QXLBF..1 
- QKSH,.! - QKCCL,.! - QKFM^.i - QKCCW,.i - QKCBS,.i 
- QDL,.i 
3. QHFBF, = QHFBF,.i + QPLFBF,.i - QKFBF,.i 
4. QHNFBF, = QHCCL, - QHCW, - QHFBF, 
5. QAHF, = /(E,.2, E,.3, E,^, Ej.s) + e, 
6. QKCCW, = /(E„ E,.i, Et.2, E,.,) + e, 
7. QHCB, = /(QHCW,) + €, 
8. QKSH, = QKFBF, + QKNFBF, 
9. QPLFBF, = /(EJ + €, 
10. QKFBF, = /(E„ QHFBFJ + e, 
11. QKNFBF, = /(E„ QHNFBF,) + €, 
12. QKTOT, = QKSH, + QKCCW, 
13. QWAVC, = /(E,.i) + e, 
14. QSBFC, = (QWAVC, * QKTOT,)/1000 
15. QSBFT, = QSBFC, + QFMPB, + QMBF, + QBSBF, 
16. QTDBF, = QSBFT, - QXBF, - QESBF, 
17. QPCRWB, = (QTDBF,/POP,) ' RCWRWB, 
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Total cattle and calf inventory (QHCCL) is the central inventory identity in the 
system, as it accounts for all cattle in the production system (Equation 2, Table 8.2). 
The primary flows included in the total cattle and calf inventory equation include calves 
bom (QHCB), steer and heifer slaughter (QKSH), cow slaughter, live cattle imports 
(QMLBF), live cattle exports (QXLBF), calf slaughter (QKCCL), on-fann slaughter 
(QKFM), bull and stag slaughter (QKCBS), and death loss (QDL). 
Beef cattle production includes a breakdown of cattle into further classifications 
of cattle on feed (QHFBF) and non-fed (QHNFBF) cattle inventories. The identities 
for cattle on feed and non-fed cattle are shown in Equations 3 and 4 of Table 8.2. 
Notice that the cattle on feed inventory is essentially an independent identity, in that it 
is composed of previous cattle on feed inventory, and the two flow variables of cattle 
placed on feed (QPLFBF) and fed cattle slaughter (QKFBF). Meanwhile, the identity 
for non-fed cattle inventory is simply specified as total cattle inventory less cattle on feed 
inventory less the breeding herd inventory. Thus, the non-fed cattle inventory is a 
somewhat loosely defined classification of those animals which do not fit into the other 
definable categories. It is expected that non-fed cattle inventories are mostly comprised 
of calves which have not yet been placed on feed, and heifers which will be added to the 
breeding herd. 
With the basic identity relationships specified, the flow equations of beef cattle 
production can be specified to determine movements through the production system. 
Breeding herd flow will be considered first. Two primary flow variables affect breeding 
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herd inventory-heifer additions and cow slaughter. These two equations are specified 
separately rather than as a net change variable because the two variables are expected 
to have differing economic response and lag structures. The decision to expand the 
breeding herd through additions will require a longer lag period than will culling cows 
from the herd when the decision to contract the breeding herd is made. This is due to 
the biological relationships of beef production. Economic variables (E's), including 
slaughter steer prices, feed costs, and interest rates, also enter these estimated equations. 
Equations 5 and 6 in Table 8.2 provide the rudimentary specification for heifer additions 
and cow slaughter, respectively. 
Breeding herd inventory is the basis for calf production. Thus, calves bom is the 
product of the breeding herd, and once the breeding herd inventory is determined, the 
calf crop is for the most part determined. This assumes that producers do not maintain 
excessive or non-productive breeding stocks on hand. However, calves bom is not 
specified as an identity relative to breeding herd inventory, because of the unexplained 
variation due to inclement weather, disease, and other factors affecting mortality rates. 
Equation 7 in Table 8.2 provides the rudimentary specification for calves bom. 
The only flow variable remaining to complete the identity for total cattle and calf 
inventory is steer and heifer slaughter. This is an identity which is the sum of fed and 
non-fed slaughter, and is shown by Equation 8 in Table 8.2. The remaining flow 
variables in the total cattle and calf inventory identity (calf slaughter, live imports, live 
exports, death loss, and bull and stag slaughter) are not estimated in this system. Calf 
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slaughter is a highly specialized production category resulting in veal production. This 
is not modeled in detail since growth promotants will not be used in veal calf production. 
In addition, the demand system does not account for this small specialized sector of meat 
production, which accounts for a very small portion of total meat production. Thus, calf 
slaughter is held exogenous at its mean level. The same basic reasoning applies to the 
other flow variables in the identity. They comprise a small portion of production, and 
are not a factor in the overall production decision. In the case of live imports and 
exports, the construction of a trade sector to the model would add unnecessary 
complexity. 
Steer and heifer slaughter is an identity comprised of the sum of fed and non-fed 
slaughter. The fed and non-fed cattle sectors must now be specified. The flows to and 
from the cattle on feed inventory are cattle placed on feed and fed cattle slaughter. 
Non-fed cattle inventory is simply a residual of those animak not included in fed cattle 
inventories or breeding herd inventories. The rudimentary specification of cattle placed 
on feed and fed cattle slaughter are shown in Equations 9 and 10 in Table 8.2. The 
rudimentary specification of non-fed slaughter is shown by Equation 11 in Table 8.2. 
Completion of the biological structure in cattle production allows one to proceed 
to determine beef supply. Total commercial beef production is simply total slaughter 
multiplied by the average carcass weight (QWAVC) of cattle slaughtered. Total 
slaughter is slaughter of steers and heifers plus cow slaughter (Equation 12, Table 8.2). 
However, it is necessary to determine average carcass weight. Average carcass weight 
185 
is estimated as a function of economic variables, because it is hypothesized that as 
economic variables change the producer will decide to delay or accelerate slaughter. In 
addition, it is expected that the slaughter mix of steer and heifers versus cows will vary 
depending on economic variables, and this will affect average carcass weights. Ideally, 
the weight equation should be separated for steers and heifers and cows; however, this 
information is unavailable on a quarterly basis. Thus, the approach of using the average 
carcass weight is the default and its rudimentary form is represented by Equation 13 in 
Table 8.2. Total commercial beef production (QSBFC) is specified as total slaughter 
multiplied by the average carcass weight (Equation 14, Table 8.2). 
To derive total beef supply and per capita domestic disappearance, supply and use 
identities must be developed. This identity follows directly the USD A, ERS supply and 
use balance sheets and is shown by Equations 15 and 16 in Table 8.2. Total beef supply 
(QSBFT) is dependent on total commercial beef production, beginning stocks (QBSBF), 
imports (QMBF, carcass weight equivalent) and on-farm production of beef (QFMPB). 
Total domestic disappearance (QTDBF) is dependent on total beef supply, ending stocks 
of beef (QESBF), and beef exports (QXBF, carcass weight equivalent). On-farm beef 
production, beef imports and exports, and beginning and ending stocks are exogenous. 
These minor variables do not contribute much to determining the impacts of growth 
promotants, and are treated as exogenous. 
Finally, per capita disappearance is necessary as an input to the demand system. 
This is simply total domestic disappearance divided by population (POP) and multiplied 
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by a carcass to retail conversion factor (RCWRWB = .71). This specification is shown 
by Equation 17 in Table 8.2. The carcass-retail conversion factor is exogenous as it is 
largely a technical factor which determines the amount of retailable meat from a carcass. 
Once primary production decisions based on expected economic conditions are 
made, the production of beef largely follows the biological relationships of beef cattle. 
The conceptual outline presented establishes this structural format for the beef 
production sector of the simulation model. 
Broiler Supply Structure 
Broiler production has a much shorter production lag structure than either beef 
or pork. Thus, the biological lags inherent in meat production are not as well defined 
within a quarterly time frame for broilers. In addition, primary stock or inventory data 
does not exist for broilers. These two factors prohibit the formation of identities as in 
beef and pork. However, it is possible to estimate the various stages of broiler 
production including the size of the hatchery supply flock and the slaughter of hens and 
broilers. Economic variables are also expected to enter the system either with no lags 
or with very short lags. 
Broiler production originates with placements into the hatchery supply flock 
(QLCK). These are the hens which will produce eggs from which chicks will be batched. 
It is expected that the decision to place hens will be determined by economic variables 
as shown by Equation 1 in Table 8.3. 
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Table 8.3. Conceptual broiler supply sector 
1. QLCK, = /(QTCK,.2, EJ + e, 
2. QTCK, = /(QLCK,.!, EJ + e, 
3. QYKFI, = /(QTCK,.i) + e, 
4. QYALW, = /(TIME) + e, 
5. QYLWP, = QYALWQYKn 
6. QYSFIj = /(QYLWPJ + e, 
7. QYST, = /(QYSFIt) + e, 
8. QOST, = f(E„ E,.i) + e. 
9. QYTCCK, = QYSTt + QYHBRB, - QYXCK^ - QYHBRE, 
10. QOTCCK, = QOST, + QOBST, - QOXCK, - QOEST, 
11. QTCCK, = QYTCCK, + QOTCCK* 
12. QPCCKR, = QTCCKt/POP, 
Chicks hatched (QTCK) provides another flow in the broiler production process. 
Chicks hatched is expected to be a function of economic variables as well as placements 
into the hatchery supply flock. The relationship between the hatchery supply flock and 
hatchings is expected to be positive. The rudimentary form of the hatching equation is 
shown by Equation 2 in Table 8.3. 
No other data on intermediate phases of broiler production exists until broiler 
slaughter. Broiler slaughter (QYKFI) is expected to be a function of only lagged 
hatchings. It takes at least three months to grow a broiler to slaughter weight, so 
hatchings in the previous quarter should determine present quarter slaughter. Economic 
variables are not included since it is likely that once chicks are hatched, they are 
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slaughtered in the ensuing quarter. It is in the producers interest to market the broilers 
as quickly as possible to get the highest turnover and to prevent production bottlenecks 
caused by delayed marketings. The rudimentary structure of federally inspected broiler 
slaughter is shown by Equation 3 in Table 8.3. 
Live-weight chicken production (QYLWP) is simply federally inspected broiler 
slaughter multiplied by the average live-weight (QYALW) of broilers. However, there 
is a significant quarterly variation in weights and there has been an increasing trend in 
slaughter weights; thus this equation is estimated as a function of quarterly dummy 
variables and a time trend as shown by Equation 4 in Table 8.3. Live-weight chicken 
production is shown by Equation 5 in Table 8.3. 
Federally inspected chicken production (QYSFI) is a simple conversion from live-
weight to carcass weight. The specification for federally inspected chicken production 
is shown by Equation 6 in Table 8.3. 
Total commercial young chicken supply (QYST) is necessary to determine the 
total amount produced. This includes those broilers which are not subject to federal 
inspection to enter the production process. This is simply a function of federally 
inspected slaughter as shown by Equation 7 in Table 6.3. 
As a final component to the chicken production system, production of other 
chicken (QOST) must be included. This includes old laying hens for both table egg 
production and hens from the hatchery supply flock. The only information available is 
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with respect to total commercial production of other chicken, so this equation is 
estimated directly as a function of economic variables only (Equation 8 in Table 6.3). 
To obtain total domestic chicken consumption (QTCCK), it is necessary to 
include supply and use identities for both young chicken production and other chicken 
production. These identities include exports (QYXCK and QOXCK) and ending 
(QYHBRE and QOEST) and beginning (QYHBRB and QOBST) stocks and are shown 
by Equations 9 and 10 in Table 6.3. The U.S. does not import chicken and so this does 
not appear in the broiler production sector. The sum of young chicken consumption 
(QYTCCK) and other chicken consimiption (QOTCCK) leads to total chicken 
consumption (Equation 11, Table 8.3), and the division of total chicken consumption by 
population (Equation 12, Table 8.3) yields per capita chicken consumption which is the 
quantity link to the demand system 
Summary 
Previous agricultural, and particularly livestock, supply studies have shown that 
the formulation of price expectations and the use of available biological response 
information is important for estimating supply response. This chapter has developed the 
conceptual framework for the livestock supply sector to be estimated. The structure 
utilizes a partial adjustment price mechanism within the broader structure of biological 
relationships inherent in livestock production. The specification and estimation of this 
conceptual framework will is provided in Chapter 12. 
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CHAPTER 9. CONCEPTUAL ISSUES IN MEAT DEMAND ESTIMATION 
Price determination in the livestock model is assumed to occur at the retail level 
as the market clearing price is determined by consumers of meat products. Livestock 
production is very price inelastic in the period of one quarter. Hence price 
determination depends on the location at which the demand curve intersects the nearly 
vertical (in the short run) supply curve. 
The objective is to develop a demand system which conforms to the axioms of 
neoclassical consumer behavior while providing acceptable predictive capabilities. One 
such model is the Almost Ideal Demand System proposed by Deaton and Muellbauer 
(1980a). The ADDS model has favorable theoretical properties and has a functional form 
which is consistent with known household-budget data. In addition it is simple to 
estimate, largely avoiding the need for non-linear estimation, and the restrictions of 
homogeneity and symmetry can be tested through linear restrictions on fixed parameters. 
The AIDS model will be estimated in its price dependent form, because of the 
assumption of fixed quantities in the short run for beef, pork, chicken and turkeys. In 
general, the price dependent form is justified in cases where the product is highly 
perishable so that it must be consumed or lost, or the production of the product has 
sufiiciently long lags so that adjustments are not possible within a short time fi-ame. The 
justification and arguments for an inverse demand system will be presented in greater 
detail in the body of this chapter. 
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Theoretical Background 
There are two aspects of the demand system theoretical component~the use of 
a price dependent or inverse demand system, and the selection of the AIDS demand 
system. The discussion will proceed with the justification and validation of the use of 
an inverse demand system followed by the specification and justification of the AIDS 
system in its price dependent form for use in estimation-
Prior to presenting the theoretical derivation of the inverse demand system, it is 
necessary to establish that the inverse and not the regular demand system is indeed 
necessary. That is, the argument must be defended that prices are a function of 
quantities and expenditures, and that quantities are not a function of all prices and 
expenditures specified in the regular demand system. Theoretically, it makes no 
difference whether prices are expressed as a function of quantities, or whether quantities 
are expressed as a function of prices, see e.g., Katzner (1970), Salvas-Bronsard et al. 
(1977), Laitinen and Theil (1979) and Anderson (1980). 
From an empirical standpoint inverse and regular demand functions are not 
equivalent. For statistical purposes, the right hand side variables should be those 
variables over which the decision maker has no control. In most cases, the consumer is 
a price taker and a quantity adjuster, thus the regular demand system is indicated. 
However, in the case of quarterly meat demand, it can be argued, at least for fresh meat 
products, that prices are set so that consumers are induced to buy all available 
quantities. Thus, price would be a function of quantity and the inverse demand system 
would be appropriate. Historically, price dependent meat demand systems have been 
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widely used since Fox (1953) recognized that prices may be set to induce consumers to 
buy all available supply quantities since supply cannot be adjusted in the short-run due 
to the length of the gestation and production cycles for beef and pork. The appeal for 
a demand system in price dependent form may also be made from the standpoint of 
simultaneity in prices and quantities. The simultaneous equation bias for a price-
dependent demand function approaches zero as the supply price elasticity approaches 
zero, ceteris paribus (Dahlgran, 1987). However, Thurman (1986) contradicts this notion 
of supply fixity for broilers in an annual framework, and suggests testing with the Wu-
Hausman test for simultaneity in a supply-demand framework. However, the 
endogeneity problem is largely avoided through the use of simultaneous equation 
estimation techniques such as three stage least squares (3SLS) or iterative three stage 
least squares (ITSSLS). Following is the derivation of consumer demand in the price 
dependent framework, followed by its application to the almost ideal demand system. 
Inverse Demand Systems 
The more familiar concepts of the regular demand system are well known and will 
not be developed. For the purposes of this study, the development of the inverse 
demand system is necessary and has not been completely done in previous studies. The 
derivations closely follow Anderson (1980) and Barten and Bettendorf (1989). As might 
be expected a dual approach using the regular cost function and the inverse distance 
function may be used to derive the same results. This method was originally presented 
by Deaton (1979) and will also be presented for completeness. In addition, the direct 
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duality between the cost function and the distance function allows for a direct 
parameterization of the inverse almost ideal demand system. 
First, the inverse demand system results will be derived directly by inversion of 
the regular demand function. This method follows closely that used by Barten and 
Bettendorf (1989) and Anderson (1980). Second, the inverse demand function will be 
derived using the duality between the cost function and the distance function. This 
method follows the guidelines of Deaton (1979) and Deaton and Muellbauer (1980b). 
Direct inversion of regular demand svstem 
The regular Marshallian demand functions are conmionly represented as: 
(9 1) q=qiP,M) 
where q is a quantity vector, P is the vector of prices associated with q, and M is the 
scalar expenditure level (i.e., P'q = M). From the properties of the regular demand 
system, it is known that prices (P) and expenditures (M) are homogeneous of degree 
zero. Thus, the system q = q(P, M) can be written as: 
(9.2) q = h(7r) where, tt = P/M 
and quantities are represented as a function of normalized prices. By directly inverting 
the quantity dependent form it is possible to arrive at the price dependent form demand 
as shown in Equation 9.3. 
(9.3) TT = h-^(q) 
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The inverse form of demand can be shown to reflect all properties of the regular 
demand form which is price dependent. The properties of Equation 9.3 can be deduced 
along with a form of the inverse Slutsky equation. 
Recall that the root of utility theory can be expressed as the maximization of 
utility subject to a budget constraint as depicted in Equation 9.4. 
Max U(q) s.t. p'q=M 
Solving this optimization problem by placing it in the form of a Lagrangian equation and 
differentiating with respect to q gives 
(9.5) 
dq dq 
where is the Lagrangian multiplier with the interpretation of the marginal utility of 
income. Therefore, 
(9.6) = |l/7 -• t/ =(1/7 
dq ' 
and from the budget constraint (i.e., p'q = M) and recalling that tt = P/M, it is 
apparent that 
(9 7) and it'M'q' = M  ^ it'q = 1 
which by rearranging gives the normalized price as a function only of quantities as 
follows: 
m -m.. 
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This is equivalent to the expression ir = h'Xq). 
Now it is possible to derive a Slutsky type expression for the inverse demand 
system similar to the regular demand system, but with a slightly different interpretation. 
With the regular demand system, one can determine the effect on quantity of a small 
change in price. Conversely, with the inverse demand system, one can determine the 
effect on the normalized price vector, ir, of a small change in quantity. Begin by noting 
that 
(9.9) dU = Hdq where, H = 
dqdq' 
is the Hessian matrix of the utility function. Total differentiation of tt results in the 
following: 
(9.10) = [l/q' dq+ij -irq' )du^ = -nir' dq -irq' )Vdq. 
where, V = (l/q'Uq)H is a symmetric matrix. By rearranging one arrives at 
(9.11) dTT = -[Tr-(I-7rq')Vq]7r'dq + (I-7rq')V(I-q7r')dq 
= gTT'dq + Gdq. 
where, g = -[Tr-(I-7rq')Vq] and G = (I-7rq')V(I-q7r'), and will be referred to as the 
inverse Slutsky equation. The inverse Slutsky describes the change in tt as the effects 
of two shifts. The term gn'dq exhibits a scale effect which is somewhat similar to the 
income effect in the regular Slutsky equation. This expression determines the change 
in prices given that all quantities are changed by a constant scalar. Barten and 
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Bettendorf (1989), consider a proportionate increase in q, i.e., dq = kq, k a positive 
scalar. It follows from tt'q = 1 that then ir'dq = kn'q = k. Also, note that Gq = 0. 
Consequently, the second effect Gdq = kOq = 0 for a proportionate increase. Thus, 
the first term g7r' dq is related to the income effect in the regular Slutsky equation, in 
that a proportional increase in all quantities available results in the same mix of 
commodities and the same price relationships, but allows the individual to move to a 
higher utility level or indifference curve. The change in scale is monotonically related 
to a change in utility. Let dn be a small change in utility. Then it is apparent that 
dn = u'qdq = uMir'dq = A.k with A>0. This means that Gdq is the (utility or real 
income) compensated or substitution effect of quantity changes. G is the counterpart 
of the Slutsky matrix for regular demand systems and is known as the Antonelli 
substitution matrix. Thus, Gdq represents the move along an indifference surface and 
gTT ' dq represents the move from one indifference curve to another. 
The properties of the inverse demand system can now be expressed in terms of 
this inverse Slutsky equation. The adding up conditions are q'g = -1 and q'G = 0. 
The property Gq = 0 is the homogeneity condition because it ensures that a 
proportionate increase in q is neutralized in its substitution effect. The matrix G is 
obviously symmetric, providing for the symmetry conditions similar to the regular Slutsky 
equation. It is moreover negative semi-definite of rank one less than its order. This last 
property follows from the strong quasi-concavity condition of the underlying utility 
function, which implies that x'Ux<0 for all x#0 such that p'x=0 (Barten and Bohm, 
1982). This condition is equivalent to x' Vx<0 for all x#0 such that tt' x=0. Then, for 
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y=(I-qTT ' )z, z ' Gz=z ' (I-7rq ' ) V(I-q7r ' )z=y ' Vy, is zero if and only if z is proportional to 
q, because then y=0. Otherwise it is negative since Tr'y=7r'(I-qir')z=0. One 
consequence of this property is the negativity of the diagonal elements of Antonelli 
matrix G. These properties are analogous to those of a regular demand systems. 
A graphical illustration of the inverse Slutsky effects are shown in Figure 9.1. 
This illustrates the change in price from a marginal change in quantity rather than the 
opposite case as with the regular demand system. In this illustration, the r/s represent 
normalized price vectors (i.e r;=pyM), is the quantity of good i, and Bj represents a 
budget share Une (i.e., Zr/qj = l). 
For this illustration consider income and the quantity % as fixed, but the quantity 
of qi is variable. Of primary interest is the effect on prices of a marginal change in q^. 
The initial equilibrium quantity vector is given as q^, which consists of quantities q^ of 
good 1, and % of good 2. This equilibrium allows the consumer to reach indifference 
curve Ug and the consumer pays the normalized price vector of r, which is obtained from 
the budget Hne B, which is tangent to U, at q^ and satisfies T^'q^ = \, which is the 
normalized budget constraint. Analogous to a reduction in price for a normal good 
under regular demand is an increase in the quantity of a normal good with inverse 
demand. Thus, this case will exhibit the effect on normalized prices from an increase 
in the quantity of q^, given that it is a normal good. For an increase in q^ from q^ to 
q/ the equilibrium shifts from q, to q^, and the consumer is able to achieve a higher 
indifference curve, U^,. Drawing the tangent budget line. By, as before indicates that the 
consumer will pay a new normalized price vector, r^, for satisfying the new budget 
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constraint 1^'% = !. Furthermore, by connecting a ray to % from the origin, the ray 
intersects with the original indifference curve U, at q^, which is the quantity q^ scaled 
down proportionally. As before, at q^ the consiuner will pay r^ which is the normalized 
price vector determined by the tangent budget line which satisfies r^ ' ^ = 1. By analogy 
to regular demand, it is immediately apparent that the effects on the inverse demand of 
a change in quantity can be broken down into two effects. First, the move from % to 
q^ represents the substitution among commodities as with the regular substitution effect. 
Second, the move from q^ to % represents an increased scale of quantity demanded, and 
is loosely analogous to the income effect of regular demand. The first effect is the 
Antonelli substitution effect referred to in the earlier derivations and the second effect 
is simply the scale effect. Thus, in terms of the normalized price vectors, r^, - r, is the 
total effect of a marginal change in Qj from q^ to q^ '. The total effect may be broken 
into the scale effect represented by the quantity r^ - r^, and the Antonelli substitution 
effect which is the quantity r^ - r,. Although it is obvious that a consumer will be 
induced to purchase the increased quantity of Qi only by reducing its price, what 
happens to the price of Qj? In the case of and Q; as substitutes, the price of Qj 
must also decline in order to induce the consumer to accept all of Qj as well as all of 
Qj. In the case of complements, the price of Q; will rise because the consumer will be 
willing to pay more for Qj because the consumer will increase consumption of Qj to be 
used with more of Qj. An example might be coffee and cream. If more coffee is 
available and at a much lower price, consumers will demand more cream and the price 
of cream may rise to reflect this. 
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Figure 9.1. Price effects for quantity changes 
From this derivation it has been shown by Barten and Bettendorf (1989) that the 
inverse AIDS can be parameterized. However, it is not straight forward and its 
derivation proceeds from the Rotterdam model. In addition, the role of Stone's price 
index, and the restrictions to be placed on the system are not easily represented. 
However, the previous discussion gives an important clue to an alternative method for 
deriving the theoretical and empirical specification of the inverse demand system and 
the inverse AIDS model respectively. 
Duality of regular and inverse demand 
In Figure 9,1, the ray through the origin alluded to is in fact what is commonly 
called the distance function. Deaton (1979) and Deaton and Muellbauer (1980b) make 
use of the relationship between the distance function and the ordinary cost function to 
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derive the inverse demand specification using commonly applied duality concepts. The 
dual relationship between the distance function and the cost function has been used 
extensively in production literature. Its most extensive exposition in production is given 
by Fuss and McFadden (1978) and Shepard (1970). Only very recently has this 
procedure been used as an application to AIDS reparameterization (Eales and Unnevehr 
(1991), Visa and Moschini (1991), Buhr and Kesavan (1992)). Since the AIDS is 
explicitly derived from the PIGLOG (Price Independent General Log) cost function it 
seems only natural that the inverse AIDS should be derived from the dual distance 
function. However, prior to parameterizing the AIDS model it will be useful to provide 
the argument for the theoretical relationships of the distance and cost functions. 
Because of the parallel relationship between the distance function in production theory 
and consumption theory, many of the arguments will be borrowed from the production 
literature and cited where possible. Following is a synopsis of the theoretical 
underpinnings of the duality between the distance function and the cost function and 
hence the duality between inverse demand functions and regular demand functions. 
The distance function is defined as d(u,q) = {X; v(q/X) = u). Where, X is the 
scalar by which the quantity vectors must be multiplied in ordei to reach a given utility 
level, u, or indifference curve. A graphical depiction of the distance function is given 
by Figure 9.2. Notice this is completely analogous to the isoquant and production 
function relationship in production theory. The question is: by what scalar should a 
vector of inputs/consumption levels be multiplied in order to reach a given 
production/consumption level? 
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q 
1 
V(q) = u 
Figure 9.2. Distance function 
In this illustration, Q is a vector of quantities q^ and qj, and u = v(q) is the given utility 
level. The utility level is arbitrary (note that v(q) is the direct utility function). Thus, 
OA represents the minimum vector of quantities q^ and q^ which are necessary to 
achieve u. Now, assume that an arbitrary quantity vector greater than OA, say OB is 
available, and the distance function d(u,q) = X = OB/OA > 1. This simply states that 
the quantity vector represented by OB must be scaled back by X in order to obtain the 
desired utility level. Similarly, if the quantity vector OB were less than OA, it would 
need to be scaled up to reach u. Another basic result that follows immediately from the 
graph is that if Q' is equivalent to OA, then d(u,q)=Q*/OA=OA/OA=l. In addition. 
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v(q) = u if and only if d(u,q) = 1. This relationship is also evident by the mathematical 
definition initially given, where v(q/A)=u. Rearranging gives v(q) = uÂ, and it is 
obvious that v(q) = u only if A, = d(ix,q) = 1, Recall that v(q) was defined as the direct 
utility function, hence fi^om this expression it is apparent that the direct utility function 
can always be written in the equivalent implicit form d(u,q)=l. Note also that the 
distance function is entirely ordinal, in that it is defined with reference to an indifference 
surface and not with respect to any particular cardinalization of preferences. 
With the distance function defined, the duality relationship between the distance 
function and the cost function will now be examined. Gorman (1976) derives this by 
letting d(u,q) = k, and writing q" = q/X. In Figure 9.2, q* is associated with point A in 
Figure 9.2, and q is associated with a point such as B which lies above the desired utility 
level. Thus, it is evident that the following relationship holds; 
d(u,q)c(u,p) = Xc(u,p) s A.q*-p = q-p, 
for any arbitrary u, p, and q. The inequality is from the definition of the cost function 
wherein for all q yielding u, c(u,p) a p* q. There does exist a vector of prices and 
quantities for which the inequality becomes an equality. Following Gorman's work, 
Deaton says that price and quantity vectors p and q are conjugate at utility, u, if the 
cheapest way of reaching u at p is a vector proportional to q. In this case, if p and Q are 
conjugates 
d(u,q)- c(u,p) =p- q. 
When p and q are at their conjugate values, the distance function and the cost function 
are unit functions. Thus, it follows immediately from the previous two equations that; 
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(9.12) diu,q) = vamip'q: c(p,u) = 1] 
p 
and since the direct utility function can be implicitly written d(u,q) = 1, the cost function 
can be similarly redefined as: 
which is directly related to the distance function above. 
This result allows for the proof of the properties of the distance function from the 
well known properties of the cost function. Proofs are given only for those cases where 
the results are not immediately obvious or have not been shown previously. These 
properties are taken directly from Deaton (1979). 
Property 1. Just as c(u,p) = m defines the indirect utility function u = i|r(m,p), 
d(u,q) = 1 defines the direct utility function u = v(q). 
Property 2. d(u,q) is concave in q. 
Proof; This proof is quite mathematically detailed, but is more transparent if 
presented graphically, so the graphic proof will be presented (Figure 9.3). See 
Shepard (1970) for the mathematical proof. 
Begin with p° = r(q°,u) is optimal for q°. Then, d(u,q) = D° = r(q°,u). Now 
change q° to q', and with p° fixed D = p°q'. But, p° is not optimal at q' so, let 
p° change to p' to be optimal at q'. That is, p' = r(q',u) and D' = p'q' < 
p°q' = D. 
(9.13) du J)) = vamlq'p: d{uS = 1] 
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D 
D' 
0» 
q q 
Figure 9.3. Distance function concave in q 
Property 3. d(u,q) is increasing in q. 
Proof: 
consider 
" i i ]  
du = 5^ + J) -^(-l)qp-^dD 
ir iii 
(9.14) 
av 
!!i_ , 0 
T Agn-1 
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Property 4. d(u,q) is homogeneous of degree one in q. 
Proof: 
Recall, D(u, kq) = { X :  v(tq/X) = u}. Let X  =  X / t  so that X = A = tl. 
Now redefine the problem as D(u,tq) = {tX: v(q/X) = u} = tD(u,q). 
Property 5. d(u,q) is decreasing in u. 
Proof: 
Property 6. d(u,q) is continuous in q. This follows from concavity. 
Property 7. Whenever they are defined, the partial differentials of d(u,q), which 
are written a^(u,q), are the prices normalized with reference to total expenditure 
m. Hence, writing r^ for Pi/m, 
This is analogous to differentiating the cost function c(u,p) which gives the Hicksian 
compensated demand functions hj(u,p), with the quantity demanded as a function of 
utility and prices. Thus, differentiation of the distance function gives compensated 
inverse demand functions with expenditure normalized price as a function of utility and 
quantity supplied. Just as substitution of u = i#(m,p) in hj(u,p) leads from compensated 
inverse demands. Additionally, if p and q are conjugate at u as discussed previously. 
(9.15) 
(9.16) d(Ku4) / \ Pi = a^(u4) = Tj = —. 
771 
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(9.17) din dpi, g) 
^inq^ 
= Wi(u,?) = w.iu,p) = 
dbiq^ 
where, Wj = p^q/m is the expenditure share devoted to good i. 
Property 8. The compensated inverse demand functions a^(u,q) are homogeneous 
of degree zero in q. This follows directly from the homogeneity of degree one 
of the distance function and the differentiation of the distance function to arrive 
at ai(u,q), and the general rule that for any function f(x) which is homogeneous 
of degree k, f ' (x) is homogeneous of degree k-1. 
Property 9. Just as the Hessian of the cost function is the Slutsky matrix of 
compensated derivatives of quantities with respect to price, the Hessian of the 
distance function is the matrix of compensated derivatives of normalized prices 
with respect to quantity (the Antonelli substitution matrix referred to previously). 
Properties 1-9 mean that all the propositions of demand theory can be stated via 
the distance function just as they can through the cost function. In the present context 
where supplies are assumed to be predetermined in the short run, and prices adjust to 
clear the market, it is more appropriate to consider the distance function. 
Analogies: Elasticities/Flexibilities, Restrictions, Slutsl^/Antonelli 
To this point, it has been shown that the regular and inverse demand systems are 
largely dual representations, both from the standpoint of direct utility maximization and 
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from the standpoint of the duality of the cost and distance function. However, of 
particular concern in appUed work is the relationship which exists between the price 
elasticities of the regular demand system and the quantity elasticities (flexibihties) of the 
inverse demand system. Also, the analogy between the regular Slutsky equation and the 
AntoneUi substitution matrix of inverse demand has been alluded to but not reconciled. 
Anderson (1980) presents an excellent exposition of these analogous results and his 
procedures will be followed closely here. It could be useful to simply reference his 
paper; however, since many of the relationships will be necessary for development of the 
AAIIDS model, it will be helpful to present them here. Because the results for regular 
demand are well known, only the analogous results for inverse demand will be presented. 
As stated previously, inverse demand may be represented as pj = fi(q^), which 
follows from the direct utility function since, 
i 
Also, it was previously shown that fi(qpc) is linearly homogeneous in x. Consequently 
inverse demand can be expressed as normalized prices where tt; = fi(q), where TTj = p/x. 
Thus, it is immediately obvious that the flexibility (quantity elasticity) of good i with 
respect to good j is defined as: 
(9.19) s„ = 
àqj ffq,x) 
and since 3fi(q,x)/3qj is also linearly homogeneous in x, it can be shown that 
208 
(9.20) qj ^ 1) qj ^(g) qj 
dqj Uq,x)  d q .  / . ( ^ ,  1 )  à q ^  f f q )  
Thus, statements about flexibilities of prices are equivalent to those about flexibilities 
of normalized prices. These flexibilities are interpreted as telling how much price i must 
change in order to induce the consumer to absorb an incremental change in j. 
From the previous discussion on inverse demand, it is evident that inverse 
demand possesses a scale effect rather than an income effect for regular demand. That 
is, for inverse demand the issue is how much a price i will change in response to a 
proportionate increase in all commodities. This effect has been shown graphically as the 
move along the ray from the origin through the quantity vector. The scale elasticity will 
be defined and restrictions will be derived relating quantity and scale elasticities showing 
that the scale elasticity is analogous to the total expenditure elasticity. 
Let q* represent a reference vector in quantity space so that the consumption 
vector of interest can be expressed as q = kq*, where k is a scalar. Then, inverse 
demand is expressed as: 
Now, notice that from ttj = ^(kq*) = gi(k, q") and the definition of /ij the homogeneity 
condition can be derived in analogy to the regular demand system as: 
= 4(kq") = gi(Kq'). 
The scale elasticity of good i is defined as: 
(9.21) 
^ SiiKq*) 
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(9.22) . E = E », 
i <^j Ji i Ji i 
or, written in a format similar to the regular demand system homogeneity condition; 
(9.23) E «V - 1^, = 0 
J 
The adding up property can be derived by recalling that TTj^ = Wj, so that if tt; = 
^(q) and differentiating with respect to qj: 
0 = E multiply by 
A ^(?) . . , , 
(9.24) mutapl^by-
-Wj = ô^w. — Coumot aggregation 
I 
Engel aggregation is obtained by summing the above: 
E ^ E = "E ^  "ofing |i( = E E ^  = 1 
(9.25) ' V / J J 
-* E = -1 
1 
The above scale elasticity and quantity elasticities are concepts of uncompensated 
flexibilities for inverse demand. However, analogous to the regular demand systems 
there are also compensated flexibilities. These are arrived at through the distance 
function, and from the previous discussion of the distance function it is known that the 
compensated inverse demands are defined as 3d(u,q)/0qj = ri(u,q) = p j\ = ttj. These 
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price functions give the levels of normalized prices which induce consumers to choose 
a consumption bundle that is along the ray passing through the quantity vector q that 
gives utility u. Also recall that 3^d(u,q)/ô%qj gives the Antonelli substitution effects 
which state the amounts normalized prices change with respect to a marginal change in 
consumption qj, keeping the consumer on the same indifference level. Expressing these 
concepts in elasticity form: 
Recalling that d(u,q) is linearly homogeneous in q, r^ is homogeneous of degree zero by 
the rule of differentiation. Thus, by direct application of Ruler's theorem which states 
that 
the homogeneity propely in terms of compensated flexibilities can be shown as: 
In addition, from the properties of the distance function it is known that the Antonelli 
substitution matrix is negative semi-definite so that 0^ < 0 which may be called the law 
of inverse demand. 
(9.26) 
(9.27) ^ = 8/(%) where 0 = degree of homogeneity 
i 
(9.28) 
dr^{u4) 
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As with the regular demand system, it is useful to derive the inverse Slutsky 
equation. This is done using similar arguments for the regular Slutsky equation. First 
consider a marginal change in price in response to a marginal change in the relative 
quantity and scale. Recall q=kq', where k is a scalar and q' is a reference vector as 
before. Then, by total differentiation of 
(9.29) 
Sq, •' at 
Now, the change in scale must compensate for the change in qj* so as to leave utility 
unchanged. That is, 
(9.30) 
0  = d U  =  Y ,  U f l i ' d k  + Ujkdq-
i 
' u. 
recalling 
Pi = 
V i 
•X 
dk = -
. I 
k'^dqj 
Finally, if it is assumed that q' and q are conjugate, then k = 1 and substituting yields 
. àg^iKq) . , 
• It, 
dqj dk ^ 
which states the Antonelli substitution effects in terms of uncompensated quantity and 
scale changes, 
noted that Qy 
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This is fully analogous to the Slutsky equation and for applied work it is 
= Ôy - /ijWj, which is the analog of the Slutsky equation in flexibility form. 
Derivation of Approximate Almost Ideal Inverse Demand System (AAIIDS) 
The previous theoretical section was intended to provide the foundation for the 
derivation of the inverse AIDS (AAIIDS), by showing that the distance function is 
completely analogous to the cost function and can be used to derive compensated 
inverse demand functions. The analogy of the distance function and the cost function 
suggests that the well known derivation of the regular AIDS by Deaton and Muellbauer 
(1980a) using the PIGLOG cost function as a starting point, may be paralleled with the 
starting point as the distance function rather than the cost function. The explicit 
derivations of the AIDS model by Deaton and Muellbauer (1980a) will not be explicitly 
stated; however, the derivation of the AAIIDS model will be shown and may be 
compared to that of Deaton and Muellbauer by referring to their article or book, Deaton 
and Muellbauer (1980b). 
The primary objective of Deaton and Muellbauer in developing the AIDS model 
is to derive a system of the form W; = cUj + Sj ln(x) where, W; is the expenditure share 
of the i"* commodity, x is total expenditure, and cVj and fij are parameters to be 
estimated. This form of a demand equation provides for nonlinear Engel curves with 
a linear specification. In the AIDS the objective is to add prices while maintaining this 
form of the demand specification. Similarly for the AAIIDS, the objective is to add 
quantities to this specification and maintain the structure. 
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For the regular ADDS model Deaton and Muellbauer start with an arbitrary set 
of preferences known as the PIGLOG (price independent general log) class, and these 
preferences are represented via the PIGLOG cost function which defines the minimum 
expenditure necessary to attain a specific utility level at given prices. This specification 
is particularly desirable because PIGLOG preferences have the property of consistent 
aggregation from the household to the market level. The PIGLOG cost function is given 
as 
biC(u,p) = a(p) + u- b(p). 
From the discussion of the duality of distance functions and cost functions, it is apparent 
that for prices and quantities which are conjugate (i.e., prices and quantities which satisfy 
the minimization criteria) q can simply be substituted for p in the PIGLOG cost function 
to arrive at the PIGLOG distance function represented as 
hiD(u,q) = a(q) + u*b(q). 
Now, recall from the derivative property of the distance function that 8d(u,q)/9qj = 
aj(u,q) = rj = p/x which is the inverse compensated demand function. Again, assuming 
that p and q are conjugate, 
(9.32) . WM.P) = 
where, W; is the expenditure share of the i"* commodity. Applying the derivative property 
to the PIGLOG distance function one arrives at the share equation as shown in 
Equation 9.33. 
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(933) 
dinq. 61ng. d\nq. 
It is also known that just as the inversion of the cost function leads to the indirect 
utility function, inversion of the distance function leads to the inverse direct utility 
function if d(u,q) = 1 which is already asserted for this argument. Thus, inverting the 
distance function we arrive at: 
(9.34) „ = - "W = v(«) 
m 
which is the inverse direct utility function. By substituting this expression of u into the 
share Equation 9.33, the expression for the share equation becomes, 
(934) ». = iïW - fW-JM * iMinD 
dq^ Hq) ain^j 91nÇj 
Now, if 
(9.35) a. = àb(q) 
' ag. b(q) aing. 
and, 
(9.36) p. = 
then it is obvious that the PIGLOG distance function yields the form of the share 
equation 
Wj = 0!; + SjbiD(u,q) 
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which is similar to that of the regular AIDS derivation. However, it is worth noting that 
the aggregation properties of this term may not be equivalent to those of the regular 
AIDS system. The distance function is not self dual as the cost function is with 
expenditure (i.e., c(u,p)=piqj=x at optimal levels). Thus, an investigation of the 
aggregation properties is warranted but is beyond the scope of this study. 
Having shown that the PIGLOG distance function does indeed result in the form 
of the share equation desired, this must be extended to include quantities so the AAIIDS 
model can be properly parameterized. Following Deaton and Muellbauefs procedure 
with the regular AIDS model. Specific functional forms are chosen for a(q) and b(q) 
so that the resulting PIGLOG distance function is a flexible functional form. Specifically 
a(q) is chosen to be the translog function, and b(q) is chosen to be the Cobb-Douglas 
functional form. That is, 
(9-37) aiq) = «o E + tE E 
i ^ i j 
and, 
(9.38) b{q) = Poll^t* 
k 
Thus, the AAIIDS distance function can be written as: 
(9.39) ln#,g) = fnD = «g + «.^9, + ^E E + uPoJJ 
i ^ i J k 
As before, the compensated inverse share can be derived by differentiating the distance 
function with respect to q^ and inverting the distance function to derive the direct utility 
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function, then substituting the share equation to yield the uncompensated share equation. 
These steps are illustrated by the following four equations; 
(9.40) = w,<u^) = a, + 
(9.41) where, + Y^) 
(9.42) wPoII^t* = InD - «M, " 
k i ^ i i 
(9.43) 
w/u,9) = a, + E Y^^y + P,[in^ " «o " E " %E E j i ^ i j 
Equation 9.40 is the compensated share. Equation 9.42 is the direct inverse utiUty 
function, and 9.43 is the uncompensated share equation. At optimal levels, it is known 
that D(u,q) = 1 just as C(u,p) =x for the regular demand system, so that the last equation 
above is simplified to: 
(9.44) w, = «, + E Y,)#, + P,[-«o - E YM - ^ E E j i ^ i j 
where, the term in brackets is defined as InQ and is analogous to InP in the AIDS 
system. Thus, the final form of the approximate inverse almost ideal demand system 
(AAUDS) may be written as: 
217 
(9.45) ^ - p,inÇ. 
j 
ÂÂ1IDS Flexibilities and Restrictions 
As reviewed previously, the properties of consumer demand include homogeneity, 
symmetry, adding up and negativity. One of the desirable features of the AIDS model 
is that each of these restrictions (except for negativity) depend only on estimated 
parameters so they can be easily imposed or tested. In general, unrestricted estimation 
of the AIDS model will result in satisfying only the adding up condition. Because the 
AIDS elasticities and restrictions are well known, only the flexibilities and restrictions 
for the A Anns model will be presented. 
As derived, AAIEDS model is written as; 
(9.46) w, = a, + E liMj • 
(9.47) where, InQ = «0 + ^ E 
/ ^ i J 
The derivations of the flexibilities and restrictions for the proposed AAIIDS model will 
follow the derivation of the general formulas for flexibilities and restrictions for general 
inverse demand systems. 
As with the regular AIDS model, and using Anderson's (1980) derivations, the 
general formula for calculating flexibilities is shown in Equation 9.48. 
Thus, if Wj = TTiqj, the flexibility can be cast in terms of shares as in Equation 9.49, 
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(9.48) ^ . 
dqj m 
1 
dlnqj w. 
and by applying this directly to the AAIIDS equation, the own and cross price flexibility 
of the AAIIDS model is defined as 
(9.50) . -8 . 
w, 
Although this represents the uncompensated flexibility for the AAIIDS, the compensated 
flexibility for the AAIIDS model may be calculated exactly was done for the AIDS 
model. The compensated flexibilities for the AAIIDS model are 
(9.51) 
where is the scale elasticity of the AAIIDS, which by applying the definition of the 
scale elasticity presented earlier to the AAIIDS model, yields 
(9.52) •, = -!- -• 
As shown previously, the restrictions on the inverse demand system in terms of 
flexibilities are 
(9.53) - <l>, = 0 - homogeneity 
(9.54) ~ " Coumot aggregation 
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(9.55) = -1 •* Engel aggregation 
i 
As with the regular AIDS model, if the flexibilities and scale effects are 
substituted into the restrictions, it is possible to show that the restrictions on the 
parameters which are necessary are 
(9.56) = 1 Y ^ f i j  =  0  a n d  =  0  -  a d d i n g  u p  
i i i 
(9.57) = 0 - homogeneity 
J 
and 
(9.58) Y,y = Y;, " symmetry. 
This provides all the theoretical expressions necessary to pursue the empirical 
estimation of the AAIBDS model. 
Summary 
Regular and inverse demand systems are theoretically identical. However, from 
an empirical standpoint, it is necessary to determine whether prices or quantities are 
endogenous to the system. As a result of the simultaneous determination of prices and 
quantities in the U.S. livestock model, it is necessary to estimate the price dependent 
(inverse) form of the demand system. This chapter provided the theoretical 
development of the inverse almost ideal demand system. Estimation specification and 
techniques will be discussed in Chapter 12. 
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CHAPTER 10. PRICE TRANSMISSION 
In the livestock model, prices are determined at the retail level as a function of 
quantities produced. These prices must in turn be transmitted to the farm level to 
provide information for producers to adjust production decisions. Thus, it is necessary 
to model the relation between farm and retail prices. In previous work, this process has 
either been expressed as a mark-up relationship wherein the middleman or wholesaler 
adds the costs of processing the product to the farm price and transmits this sum to the 
retail price, or as a percentage change wherein the margin is affected not only by 
marketing costs, but by the equilibrium conditions of supply and demand and other 
explanatory factors. In this chapter, a brief review of the previous work on the of price 
transmission will be presented, followed by the conceptual development of the margin 
relationships, and the empirical results of the estimation. 
Previous Studies 
Early foundations of margin explanation often posited a mark-up scheme wherein 
marketing firms added a mark-up to the farm price to recover their costs of processing 
or transportation which resulted in the retail price. Gardner (1975) examined the 
consequences of a competitive equilibrium in the product and factor market on the 
margin relationship. Gardner considered the margin as a function of input supply and 
output demand, along with other marketing inputs to obtain the desired retail output. 
He then examined the effects of a food demand shift, a farm product supply shift, and 
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a marketing input supply shift on the retail-farm price ratio. Gardner's results imply that 
no simple mark-up pricing rule can in general accurately depict the relationship between 
the farm and retail price. Specifically, shifts in the supply or demand of the commodity 
have effects on the margin and supply and demand effects have differing elasticities with 
respect to the margin. 
Heien (1977) expanded on Gardner's work by considering the effects of stocks on 
the farm-retail margin. Heien continues the assumption of supply fixity as used by 
Gardner, but estimates a price dependent mixed demand system to provide the 
endogeneity of stocks to the system. Helen's results show that if retail demand shifts, 
farm level demand also rises. With supply unchanged, stocks fall, driving up the farm 
price. This price increase is in time passed on to the retail level, which results in a 
decrease in demand and is passed through the system agaiiL Note that this type of 
system provides for the possibility of disequilibrium, so that stocks may be used to 
cushion price adjustments so that it is more feasible for the wholesaler to maintain a 
mark-up system. Heien (1980) expands on this notion and suggests that as the time 
period becomes shorter, disequilibrium becomes more of a factor in the markets. Heien 
proceeds to suggest that given these disequilibriums, there is incentive for the retailer 
to mark-up the wholesale price to reduce the risk of price misspecification. Another 
important aspect of the paper is to determine the direction of causality for prices. That 
is, do wholesale prices cause retail price, or vice versa. For commodities in the USD A 
market basket, the argument that wholesale prices cause retail prices is substantiated for 
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most commodities. In the empirical results, Heien also investigated the possibility of 
price asymmetry, or the possibility that price increases are passed on fully while price 
decreases are not. The hypothesis of asymmetric price behavior was rejected. In 
summary, Heien suggests that for short time intervals, market disequilibrium is likely to 
affect pricing and lead to a mark-up pricing technique. 
Another variation on the Gardner theme was a study by Brorsen et al. (1985). 
Recognizing the effects uncertainty has on production, this paper sought to examine the 
effect of uncertainty on the processor or wholesaler and thus the farm-retail margin. 
Brorsen et al. specified an aimual aggregate model to which included the farm-wholesale 
price margin and the wholesale-retail price margin. They measured the price risk 
variable as a weighted moving average of the absolute value of price changes over the 
previous twelve month period. These measures were then averaged to get a measure 
of annual price risk, which was then divided by the annual average output price in order 
to reflect relative variability. The empirical results suggest that an increase in output 
price uncertainty significantly increases both margins. Increases in marketing costs also 
have a positive impact on margins. Also, an increase in the quantity marketed induces 
an increase in both margins. 
A paper by Kinnucan and Forker (1987) pursued a rather different objective in 
that it assessed the level of asymmetry in farm-retail price transmission for the U.S. dairy 
sector. It was hypothesized that if there is excess market concentration by the processing 
sector that there would be a margin stickiness which tends to immediately pass on cost 
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increases, but does not adjust as rapidly for cost decreases. Because of the short time 
period (monthly) involved in the study, the mark-up pricing model of Heien (1980) was 
used. The estimation procedure followed closely that of Heien and sought to test 
whether the coefficient on farm price increases was significantly different from the 
coefficient on farm price decreases. Results indicated that for all four dairy products 
studied, the cumulative effect on retail dairy prices of an increase in the farm price of 
milk exceeded the cumulative effect of farm price decreases, suggesting there was price 
asymmetry in the dairy sector. Kinnucan and Forker recognized that the mark-up model 
assumes that causality runs from the farm to retail level, and that this may bias results. 
Thus, they also employed Gardner's model to determine if supply effects are different 
from demand effects. They concluded that the results support the basic assumption 
underlying the mark-up model that the direction of causation in price transmission is 
from farm to retail. 
Wohlgenant and Mullen (1987) extended the analysis of farm-retail price 
transmission to the beef sector, Wohlgenant and Mullen demonstrated that relating the 
price spread to industry output and marketing input prices, where both prices were 
deflated by retail beef price, allows simultaneous changes in both supply and demand 
conditions. The model developed indicates that there is no fixed relationship between 
the price spread and retail price. In general, the relationship between the prices change 
as output and relative marketing input prices change. Upon testing three alternative 
specifications for the farm-retail margin, Wohlgenant and Mullen rejected the mark-up 
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pricing specification compared to the relative price spread specification. These results 
seem to support those of Gardner which were that with both supply and demand shifts, 
no mark-up pricing relationship can depict accurately the relationship between retail and 
farm price. Further, it was suggested that if the model is intended to be used in policy 
application relating to shifts in both retail demand and farm supply, then preference 
would be for the relative price model. 
A paper by Lyon and Thompson (1991) evaluated the effect of temporal and 
spatial aggregation on appropriate model selection for estimation of marketing margin 
relationships. They tested the each of the mark-up, relative pricing, and marketing cost 
specifications. Lyons and Thompson aggregated milk price data over regions (spatially) 
and with differing time intervals (temporal). They found that temporal and spatial 
aggregation of data affects the choice of specification for marketing margin models. In 
general, the non-nested tests confirm Gardner's criticism of the mark-up model, but also 
suggest that for weekly or monthly observations and for spatially disaggregated markets 
the mark-up model remains a defensible specification. It is worth noting that the 
empirical specifications of the three margin models were the same as those tested by 
Wohlgenant and Mullen (1987) for beef margins. 
Conceptual Framework 
From previous studies examined, there are essentially three specifications 
frequently used for margin specification, mark-up (Heien, Waugh, and George and 
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King), relative pricing (Gardner, Wohlgenant and Mullen) and the marketing cost model 
where the margin is considered to be a bundle of marketing services. Although each is 
defensible under certain assumptions, it has been shown that the appropriate 
specification depends on the purpose of the margin (Wohlgenant and Mullen), the length 
of period involved (Heien, Lyon and Thompson), the spatial aggregation (Lyon and 
Thompson), and the level of concentration in the processing industry (i.e the issue of 
asymmetric pricing examined by Heien, and Kinnucan and Forker). In addition, the 
appropriate specification depends on assumptions about the processing technology, and 
the direction of price causality (i.e whether farm price causes retail price or retail price 
causes farm price). This relates back to the issue of whether supply can adjust to current 
farm prices which may be a function of derived demand, or the degree of supply fixity 
in the short run. 
The primary objective in the present context is to provide a defensible price 
transmission equation which forecasts accurately and allows for analysis of the impacts 
on supply and demand from policy or technology changes. This immediately suggests 
the mark-up model be eliminated since Gardner (p.406) suggests "no simple mark-up 
pricing rule-a fixed percentage margin, a fixed absolute margin, or a combination of the 
two-can in general adequately depict the relationship between the farm and retail price. 
Also, as suggested by Lyon and Thomas (1991) at levels beyond the weekly or monthly 
temporal aggregation level, the mark-up model is generally inferior to other 
specifications. Heien (1980) who proposed the mark-up model to account for dynamics 
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in the food industry acknowledges that, for longer time periods where there is less 
chance for short run market disequilibrium, the usefuhaess of the mark-up model may 
be limited. Wohlgenant and Mullen (1987) have suggested that in cases where the 
model is intended for policy applications relating to shifts in both retail demand and 
farm supply, then preference should be for the relative price model since it can account 
for shifts in both supply and demand. Although each of these factors is important, the 
most important consideration is the structure of the supply and demand sectors of the 
current model. The supply side is estimated such the supply is not completely 
predetermined in the quarterly framework. Thus, the primary price determination must 
occur at the retail level so that the direction of causality goes from retail price to farm 
price, where retail price is a function of all quantities supplied. Thus, the margin to be 
specified will be a relative price scheme. 
In the model specifications, the retail price is the primary demand for the 
commodity, while the farm price is the derived demand. Thus, as in Wohlgenant and 
Mullen (1987) the derived demand is also written in price dependent form as: 
(10.1) Pf = /(Q, Pr C) 
where, Pf is the farm price, Q is the quantity of commodity processed (or in this case 
produced), P^ is the retail price, and C is a vector of marketing input prices or costs. 
Since demand for a factor of production is homogenous of degree zero in input and 
output prices, the previous equation can be written: 
(10.2) P,/P, = m. 1, c/p,) = g(Q, C/P,). 
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This is then the farm-retail margin. It is expected that increases in farm level output and 
increases in relative marketing costs would be expected to lower the farm-retail price 
ratio. To obtain a specification for the farm-retail price spread Wohlgenant and Mullen 
note that when the farm price is measured in the same units as the retail product that 
the relative price spread is by definition one minus the relative farm price. Thus, the 
specification may be further modified to: 
(10.3) (M/P,) = 1 - g(Q, C/PJ = h(Q, C/PJ 
or in terms of the absolute spread, as: 
(10.4) M = P^(Q, C/PJ 
where M = P^ - Pf is the farm-retail spread. This is consistent with Gardner's theory of 
food price determination in that it suggests that shifts in retail demand and farm supply 
have two possible avenues of influence on the farm-retail price spread: quantity of 
output and retail price. Wohlgenant and Mullen proceed to estimate three forms of the 
margin: the mark-up model, the relative price spread model and the real price spread 
model. Based on the results of econometric tests and out-of-sample forecast tests, 
Wohlgenant and Mullen select the relative price spread as the appropriate specification 
for beef. Although the current specification is on a quarterly basis (and as Heien, and 
Lyon and Thompson suggest) temporal aggregation may affect the selection of the 
appropriate margin specification, the basic structure of the supply and demand systems 
restrict the specification to be that of Wohlgenant and Mullen. Thus, although other 
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specifications may have merit, the specification chosen use is the relative price spread 
model as shown by Equation 10.5. 
(10.5) M, = b^Prt + bjPrtQ, + bjIQ + -* relative price model 
Where, M, is the farm-retail price spread, is the retail price of the commodity, Q, 
is the per capita quantity of the commodity produced, and IC is an index or indicator of 
marketing costs. 
Summaiy 
The relevant literature on price transmission in the livestock sector suggests that 
there are three primary specifications for the margin; mark-up, relative pricing, and 
marketing cost. Temporal and spatial factors will affect the appropriate margin 
specification. For the conceptual structure of the livestock model, where prices are 
assumed to be determined at the retail level and passed to the farm level, the relative 
margin specification is the most appropriate. Specification and estimation of this margin 
system will be presented in Chapter 12. 
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CHAPTER 11. U.S. QUARTERLY LIVESTOCK DATA 
The biological constraints on livestock production suggest that the production 
structure for a livestock model may best be specified on a quarterly basis. Certainly, 
pork and poultry producers can alter future production within a quarter. This is likely 
not the case for beef since the production period is longer. In order to estimate the 
quarterly livestock model, it is necessary to obtain and reconcile the available data. All 
data used in the estimation was obtained from government sources (a complete listing 
is found in the bibliography). However, while annual data exists for nearly every 
variable, it is often difficult to obtain quarterly estimates of some variables which are 
particularly important for incorporating biological identities into the quarterly 
framework. Following is a discussion of the methods used to reconcile the quarterly data 
for U.S. pork and beef production. Chicken production data is readily available on a 
monthly basis, so simple aggregation to a quarterly basis is all that is required. 
Quarterly Pork Data 
Accounting for stock-flow relationships in pork production is necessary for 
specifying a quarterly pork production system. However, accurately accounting for the 
stock-flow relationships is difficult with the use of secondary data sources since the 
frequency of data reporting may vary, the definition of a variable may change, or the 
necessary data may not be reported at all. Fork production data is obtained from the 
U.S. Department of Agriculture, and published in Livestock and Poultry Situation and 
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Outlook. The series of pork production variables used, and the frequency of their 
reporting are: 
1. Pork data reported monthly by the USD A: 
a. U.S. commercial hog slaughter. 
b. Federally inspected hog slaughter, by class (barrows and gilts, sows, 
stags and boars). 
c. Percentage of federally inspected hog slaughter, by class. 
d. Live hog imports and exports. 
2. Pork data reported quarterly by the USDA; 
a. Breeding herd inventory for 10-states. 
b. Barrow and gilt inventory for 10-states. 
c. Pig crop. 
d. Sows farrowing. 
3. Pork data reported semi-annually by the USDA. 
a. U.S. breeding herd inventory. 
b. U.S. barrow and gilt inventory. 
Although many other variables such as prices enter the production system, these 
variables represent the primary production variables which represent the stocks and 
flows of hogs through the production system. Specifically, these variables are necessary 
to define the biological identities of the pork supply sector. The two primary identities 
are: 
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1. Breeding herd inventory, = Breeding herd inventory,+ Breeding herd 
additions,.! - breeding herd slaughter,.^. 
2. Barrow and gilt inventory, = Barrow and gilt inventory,+ Pig crop,.i -
Breeding herd additions,- Barrow and gilt slaughter,.^ + Live hog 
imports,.! - Live hog exports,- Death loss,.i. 
Death loss represents a residual category which includes actual death loss, but also 
contains any errors which occur due to misreporting. 
United States barrow and gilt inventory is not reported on a quarterly basis, 
leading to a lack of data necessary to impose the identities. A more subtle difference 
also exists. Pig crop is reported as pigs bom December-February, March-May, June-
August and September-November, and 10-state barrow and gilt inventory and 10-state 
breeding herd inventory are reported on December 1, March 1, June 1 and September 
1. Hence these variables do not match a typical calendar quarter (e.g., January-March, 
April-June, July-September, October-December). So, calendar quarter variables cannot 
be used to impose the identities, and monthly data must be used to aggregate, for 
example, the slaughter data to a consistent fiscal quarter basis. Thus, rather than 
estimating a calendar quarter model, the data is adjusted to a fiscal quarter basis. 
Fiscal quarter U.S. breeding herd inventory and fiscal quarter U.S. barrow and 
gilt inventory are interpolated from the fiscal quarter 10-state inventory data, and the 
semi-annual U.S. inventory data. For each semi-armual observation the proportion of 
U.S. inventory comprised by 10-state inventory was calculated (i.e., Proportion U.S. = 
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U.S. inventory/ 10-state inventory). For the breeding herd inventory this proportion is 
fairly stable over time and averaged 1.32 with a standard deviation of 0.02. The 
proportion was also stable for barrow and gilt inventory, and averaged 1.29 with a 
standard deviation of 0.02. Unavailable U.S. fiscal quarter inventory values were 
calculated as 10-state inventory multiplied by the most recent 10-state/national 
proportion value. 
Fiscal quarter commercial slaughter by type of animal was derived by multiplying 
the monthly federally inspected slaughter by the monthly percent of total slaughter 
comprised by federally inspected slaughter also reported by the USD A. 
Once all variables were adjusted to a fiscal quarter basis, it was possible to 
calculate death loss as the residual. This term was expected to be positive for all 
periods. This was the case for all but three periods, which may be due simply to 
reporting errors in the USD A series or estimation errors in interpolation. The complete 
series is available upon request. 
10-state breeding herd inventory is available December 1, March 1, June 1, and 
September 1, but U.S. breeding herd inventory is available only biannually on June 1 and 
December 1. Therefore, U.S. breeding herd inventory must be calculated for March 1 
and September 1 in order to obtain quarterly estimates. These estimates are obtained 
using the methods outUned earlier. The same procedure is used for the generation of 
fiscal quarter U.S. barrow and gilt inventory from 10-state barrow and gilt inventory. 
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Similar problems exist for determination of fiscal quarter slaughter variables. 
Although federally inspected slaughter by class for hogs was available on a fiscal quarter 
basis, total commercial slaughter was by class was unavailable. To generate commercial 
slaughter by class, the percentage of federally inspected slaughter for a given class 
relative to total federally inspected slaughter was also applied to the total commercial 
slaughter data. 
With these adjustments, it is possible to calculate the necessary identities in the 
pork production process. As a check, the total death loss data was computed using the 
identities and average annual death loss was 3-4 percent of total hog inventory. 
However, this number represents death loss and all measurement error within the 
system, and thus does not seem to be unacceptably large. 
Quarterly Beef Data 
The considerations regarding stocks and flows apply to beef as well as pork. 
However, because of the longer biological relationships in beef production, virtually no 
quarterly production data (other than slaughter) is available for beef. Production 
variables, if reported quarterly, are reported on a calendar quarter basis, whereas hog 
production data was on a fiscal quarter basis. While this does not exactly match the 
fiscal quarter specification of pork, the quarterly variation in beef production is 
somewhat smaller. In other quarterly models, pork data is generally not accurate since 
fiscal quarter data must be used, hence this discrepancy will always exist. Thus, stock-
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flow relationships for beef will be reported on a calendar quarter basis. Much of the 
synthesis of quarterly beef data is taken from Pippin and Goodwin (1990), which should 
be referred to for further details. The series of beef production variables used, and their 
reported period include the following: 
1. Beef data series reported at least quarterly by the USD A. 
a. Imports and exports of live cattle. 
b. Commercial cattle slaughter, by age and gender. 
2. Beef data series reported semi-annually by the USD A. 
a. Total cattle inventory, by age and gender. 
3. Beef data series reported annually by the USD A. 
a. Calf crop 
b. Death loss. 
c. Farm slaughter. 
d. Annual cattle balance sheet. 
The primary objective is to obtain consistent quarterly estimates of these variables 
which will allow for the calculation of the quarterly stock-flow relationships of beef 
production. Breeding herd inventory and steer and heifer inventory are the two primary 
biological identities, with each period's inventory calculated from flows through the 
system. These two identities are: 
1. Breeding herd inventory, = Breeding herd inventory,.! + Breeding herd 
additions,.! - Cow slaughter,.! - Breeding herd death loss,. 
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2. Steer and heifer inventory, = Steer and heifer inventory,+ Calf crop,.; -
Steer and heifer slaughter,- Calf slaughter,.^ + Live imports,-
Live exports,.! " Death loss,.i. 
Notice that these two identities combined would provide an inventory of all cattle. Of 
the data necessary to calculate these quarterly identities, only slaughter data and import-
export data are available on a quarterly basis. All others are available only semi­
annually or annually. 
Annual calf crop numbers are reported by the National Agricultural Statistical 
Service. Since 1977 mid-year estimates of the calf crop have also been reported. For 
the period 1977-1987, the mid-year proportion of all calves bom annually was 71.1 
percent. This leaves 28.9 percent to be bom during the second half. These proportions 
were also applied to the 1973-1976 annual calf crop estimates to arrive at semi-annual 
calf crops for those years. However, it is still necessary to determine the quarterly 
distribution of the calf crop. The estimates used for this study were taken from Pippin 
and Goodwin (1990). Table 11.1 shows the estimated distribution of calf crops by Pippin 
and Goodwin. 
The other flow variable which must be determined is death loss. Death loss is 
only reported annually by the USD A. Although death loss as a percentage of inventory 
may vary within quarters due to such factors as weather and calving cycles, it would be 
very difficult to determine the appropriate apportioning to quarterly periods. In 
addition, death loss is a very small proportion of inventory, typically between 1 and 2 
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Table 11.1. Estimated annual calf crop distribution* 
USD A Estimates 
Pippin-Goodwin Estimates 1977-1987 
Month Monthly Quarterly Semi-Annually Semi-Annually 
January 5.6 
February 11.4 37.0 
March 20.0 
71.1 71.1 
April 22.9 
May 8.7 34.1 
June 2.5 
July 2.0 
August 2.5 8.5 
September 4.0 
28.9 28.9 
October 6.0 
November 8.0 20.4 
December 6.4 
Total 100.0 100.0 100.0 100.0 
"Pippin, D.R. and J. W. Goodwin, Synthesizing Quarterly Estimates of the U.S. Cattle 
Inventory, April 1990. 
percent. Therefore, apportionment errors of death loss are not likely to be large. For 
simplicity, the annual death loss rate is assumed to apply to all quarters. 
With quarterly estimates for death loss and calf crop, it is now possible to 
calculate a quarterly estimate of the inventory of all cattle. The first step is to calculate 
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an annual estimated inventory of all cattle and calves using the quarterly flow variables. 
Since these variables are only estimated, it is unlikely that this will sum to actual USD A 
inventory data. To reconcile these differences, an other-disappearance category is 
developed. The difference between the estimated annual inventory value and the actual 
USDA inventory value is the annual other disappearance (which can be either positive 
or negative). This number should be small, and is in fact very small. This annual other 
disappearance is divided by four to obtain a quarterly other disappearance value. It is 
now possible to derive quarterly inventory estimates by summing the following identity: 
Cattle inventory* = Cattle inventory*.! + Calf crop^.i - Total commercial slaughter,.j + 
Live cattle imports,- Live cattle exports,- Death loss,.! - Other disappearance,.1. This 
will return the USDA reported value for total cattle inventory, and also provide a 
reasonable representation of the quarterly inventory. 
It is necessary to break total cattle inventory into the components of breeding 
herd inventories, heifer additions to the breeding herd and steers and heifers raised for 
slaughter. Further, it is useful to break steer and heifer inventories into fed and non-fed 
cattle inventories as was discussed in the beef biological relationships section. First the 
breakdown to breeding herd and steers and heifers will be addressed. Second, the 
breakdown of steers and heifers into fed and non-fed beef will be considered. 
Beef cow inventories and dairy cow inventories have been reported on a semi­
annual basis by the USDA, ERS since 1973. The breeding herd identity is specified as: 
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Breeding herd, = Breeding herd^.i + Heifers added^.i - Cow slaughter^i - Death loss,.i. 
Cow slaughter is available on a quarterly basis, but heifer additions and death loss are 
available only on a semi-annual basis. Death loss is estimated by USD A, ERS to be 2 
percent of the annual breeding herd inventory. Thus, the death loss proportions are 
assumed to be one-half percent of the quarterly breeding herd inventory. Heifer 
additions are defined as heifers that have calved. Therefore, it seems reasonable that 
heifer additions should occur with the same distribution as calves are bom. Applying 
these proportions to the semi-annual additions data available results in 52 percent of the 
first half additions occurring in the first quarter and 48 percent of the first half additions 
occurring in the second quarter. Similarly, 29 percent of the second half additions occur 
in the third quarter and 71 percent of the second half additions occur in the fourth 
quarter. With these assumptions for heifer additions and death loss it is now possible 
to interpolate second and fourth quarter breeding herd inventories using the available 
data. 
However, it is possible to break the breeding herd inventory into two components. 
Dairy and beef cow inventories are given on a semi-annual basis. To derive quarterly 
estimates, the proportion of the dairy cows within the total breeding herd inventory for 
the most recent period is used. This proportion is fairly constant, averaging 22 percent 
of the total breeding herd inventory with a standard deviation of 1.2 percent. With the 
estimated quarterly dairy cow inventory data, the estimate of the beef cow inventory is 
simply: 
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Breeding herd inventory, - Dairy cow inventory, = Beef cow inventory, 
It should be noted that there may be large discrepancies between the actual inventories 
and the estimated inventories because of shocks to the dairy herd, such as the 1983 dairy 
herd buy-out program. However, these are infrequent, and little can be done to 
reconcile this problem. 
To this point, total cattle inventory and the breeding herd inventory data has been 
estimated on a quarterly basis. By subtracting breeding herd inventory from total cattle 
inventory, it is possible to derive inventory of steers and heifers. Inventory of steers and 
heifers will include all cattle not included in the breeding herd. The USDA does make 
distinctions based on weight, but it is not possible to obtain this detail on a quarterly 
basis. Now, steer and heifer inventory may be broken into its components of fed and 
non-fed cattle. The majority of steers and heifers in the U.S. are classified as being on 
feed which means they are fed a high concentrate diet which yields a high quality beef 
product. However, economic factors such as higher returns to feeding cattle generally 
precipitates a shift of more of the steers and heifers available to the cattle on feed 
category. Cattle on feed inventories are available on a quarterly basis since 1973. In 
addition, fed cattle slaughter is available on a quarterly basis. Therefore, the only data 
to be estimated is the flow variable of steers and heifers placed on feed. This may be 
determined with the available data by applying the following identity: 
Cattle Placed on feed, = Cattle on feed, - Cattle on feed^.i + Fed slaughter,.j 
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As a check on this data, it is useful to compare the 13-state placement, fed marketings 
and cattle on feed data which is published quarterly by the USD A, ERS. The U.S. 
aggregates, although differing in magnitude from the 13-state sub-sample, are expected 
to move in proportion to the 13-state estimates. 
Although this process accounts for the composition of the fed-beef production 
sector, non-fed beef production has not been reconciled. However, this is simple given 
the data available. Quarterly total steer and heifer slaughter is reported by the USD A 
ERS. Thus, for purposes of this study, non-fed slaughter is simply total steer and heifer 
slaughter minus fed slaughter. Non-fed cattle inventory determined using the following 
identity; 
Non-fed inventory^ = Total cattle inventory^ - Breeding herd inventory, 
- Fed cattle inventory^ 
The above procedures provide all the information to simulate the biological relationships 
which exist in the beef production sector. 
Quarterly Chicken Data 
Broiler production data is also rather limited. However, in contrast to the beef 
and pork data, broiler data is available on a monthly basis which makes aggregation to 
quarters a simple summing or averaging procedure. The primary problem is that 
virtually no inventory data exists. The only data available for flow variables are layers 
placed in hatchery supply flocks, chicks hatched, federally inspected slaughter, and 
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commercial slaughter. Thus, it is not possible to provide well defined biological 
identities as with beef and pork. Since the biological constraints of broiler production 
fit well within one quarter, it is not necessary to impose quarterly identities on the 
system. Therefore, the broiler production sector will be estimated largely as a flow 
relationship and with no identities. The broiler production data is aggregated to a fiscal 
quarter basis as was done with the hog data, so that these two sectors are on an 
equivalent time period basis. It would have been desirable to obtain beef data on the 
same time period basis, but with data limitations this was not possible. 
Summaiy 
The use of secondary data sources such as those reported by the USD A and 
NASS places limitations on model specification because of lack of consistency and 
availability. The modeler can only work with what is available. That is the case with 
quarterly production data for the livestock industry. The goal of this chapter was to 
consider some of the inconsistencies in quarterly reporting and to develop defensible 
procedures for the estimation of those data series which are missing desirable quarterly 
observations. The hog and broiler production data are specified on a fiscal quarter 
basis, while the beef data is specified on a calendar quarter basis. It is not possible to 
obtain fiscal quarter beef estimates, and since the beef biological cycle is much longer 
than either pork or chicken, it is not as likely to be as volatile for the one month 
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discrepancy in reporting. Previous attempts at quarterly modeling of livestock 
production have often commingled quarterly and fiscal data, but have used fiscal quarter 
pork data with quarterly beef and poultry data. 
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CHAPTER 12. MODEL SPECIFICATION AND ESTIMATION 
This chapter develops the theoretical considerations of livestock industry behavior 
presented in Chapters 8-10 into an empirical econometric simulation model. The model 
and its estimated coefficients and related statistics will be presented. Supply estimation 
results comprise the first section, followed by demand estimation results, and finally 
margin estimation results. The livestock model results will be followed by a brief 
description of the reduced form representation of the feed demand and com and 
soymeal price determination mechanism. The final section includes the simulation 
statistics and dynamic multipliers implied by the model. 
Livestock Supply Sector Estimation Results 
The livestock supply sector is specified according to the inherent biological 
restrictions of livestock production. Table 12.1 provides the variable definitions for the 
model. The prices which are determined in the demand sector provide economic signals 
for production and are simultaneously determined with quantities. Thus, 3SLS is used 
to estimate the supply system. The estimated parameters, t-statistics, statistics, and 
the Durbin-Watson (DW) or Durbin H (DH) statistics are provided in Table 12.2. 
Beef supplv sector 
One of the primary impacts of growth promotants is to improve feed efficiency. 
Therefore, it is necessary to specify a beef feed cost variable which can be adjusted to 
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Table 12.1. Definitions of variables 
Jointly Determined Variables 
ESBF Beef expenditure share. 
ESCK Chicken expenditure share. 
ESPK Fork expenditure share. 
ESTK Turkey expenditure share. 
MRGBF Beef retail-farm margin (dollars/lb.). 
MRGCK Chicken retail-wholesale margin (dollars/lb.). 
MRGPK Pork retail-farm margin (dollars/lb.). 
NMRGBF MRGBF/CPl. 
NMRGCK MRGCK/CPI. 
NMRGPK MRGPK/CPI. 
PBGF Barrow and gilt price, 7-markets ($/cwt.). 
PSWF Sow price, 7-markets ($/cwt.). 
PCCW Commercial cow price ($/cwt.). 
PKST Choice steer price, Omaha ($/cwt.). 
PWCK Wholesale chicken price, 12-city average (cents/lb.). 
QAHF Heifer additions to breeding herd (1000 hd.). 
QHBC Beef cow inventory (1000 hd.). 
QHBG Barrow and Gilt inventory (1000 hd.). 
QHBH Hog breeding herd inventory (1000 hd.). 
QHCB Calf crop (1000 hd.). 
QHCCL Total inventory cattle and calves (1000 hd.). 
QHCW Total cow inventory (1000 hd.). 
QHDC Dairy cow inventory (1000 hd.). 
QHFBF Inventory cattle and calves on feed (1000 hd.). 
QHGPK Gilt additions to breeding herd (1000 hd.). 
QHPPK Pig crop (1000 hd.) 
QHNFBF Inventory non-fed beef (1000 hd.). 
QKBG Barrow and gilt slaughter (1000 hd.). 
QKCCW Commercial cow slaughter (1000 hd.). 
QKFBF Fed cattle slaughter (1000 hd.). 
QKNFBF Non-fed cattle slaughter (1000 hd.). 
QKS Sow slaughter (1000 hd.). 
QKSH Commercial steer and heifer slaughter (1000 hd.). 
QLCK Pullet chicks placed in broiler hatchery supply flocks (1000 hd,). 
QOPCCK Other chicken: per capita consumption (pounds). 
QOST Other chicken: Total ready-to-cook production (1000 lbs.) 
QOTCCK Other chicken: Total consumption (million lbs.). 
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Table 12.1 (Continued') 
Jointly Determined Variables (continued) 
QPCCK Total per-capita chicken consumption (pounds). 
QPCCWP Per capita carcass weight pork consumption (pounds). 
QPCRWB Per capita retail weight beef consumption (pounds). 
QPCRWP Per capita retail weight pork consumption (pounds). 
QPLFBF Cattle placements on feed (1000 hd.). 
QSBFC Commercial beef production (mill. lbs.). 
QSLWP Liveweight pork production (mill. lbs.). 
QSPKC Commercial pork production (mill. lbs.). 
QSBFT Total beef supply (mill. lbs.). 
QSPKT Total pork supply (mill. lbs.). 
QTCK Broiler type chicks hatched in commercial hatcheries (1000 hd.). 
QTDBF Total domestic disappearance beef (mill. lbs.). 
QTDPK Total domestic disappearance pork (mill. lbs.). 
QWAVC Average carcass wei^t all cattle (pounds). 
QWBG Average liveweight barrows and gilts (pounds). 
QWS Average liveweight sows (pounds). 
QYALW Young chicken: average slaughter liveweight under federal inspection 
(pounds). 
QYKFI Young chicken: slaughter under federal inspection (1000 hd.). 
QYLWP Young chicken: liveweight production under federal inspection (1000 hd.). 
QYPCCK Young chicken: per-capita consumption (pounds). 
QYSFI Young chicken: ready-to-cook production under federal inspection (1000 
lbs.). 
QYST Young chicken: total ready-to-cook production (1000 lbs.). 
QYTCCK Young chicken: total domestic consumption (1000 lbs.). 
RPBF Beef retail price (dollars/lb.). 
RPCK Chicken retail price (dollars/lb.). 
RPPK Pork retail price (doUars/lb.). 
RPTK Turkey retail price (dollars/lb.). 
Exogenous and Predetermined Variables 
CFDBC Beef cow feed cost index (dollars). 
CFDBF Fed cattle feed cost index (dollars). 
CFDPK Market hog feed cost index (dollars). 
CPI Consumer price index, all goods (1984=100). 
PCOF Com price (dollars/bushel). 
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Table 12.1. (Continued') 
Exogenous and Predetermined Variables (continued) 
PCSF Com silage price (dollars/ton). 
PHAYF Average all hay price (dollars/ton). 
PSBMF Soymeal price, 44% Decatur (dollars/ton). 
QBSBF Beginning stocks beef (mill. lbs.). 
QBSPK Beginning stocks pork (mill, lbs.). 
QDL Death loss cattle and calves (1000 hd.). 
QDLH Death loss hogs (1000 hd.). 
QESBF Ending stocks beef (mill. lbs.). 
QESPK Ending stocks pork (mill. lbs.). 
QFCCK Broiler feed cost index (dollars). 
QFMPB On-farm beef production (mill. lbs.). 
QFMPP On-farm pork production (mill. lbs.). 
QKBO Commercial slaughter boars and stags (1000 hd.). 
QKCBS Commercial slaughter bulls and stags (1000 hd.). 
QKCCL Commercial slaughter calves (1000 hd.). 
QKFM Farm slaughter cattle (1000 hd.). 
QMLBF Live cattle imports (1000 hd.). 
QMLPK Live hog imports (1000 hd.). 
QMBF Beef imports (mill. lbs.). 
QMPK Pork imports (mill. lbs.). 
QOBST Other chicken: beginning stocks (1000 lbs.). 
QOEST Other chicken: ending stocks (1000 lbs.). 
QOXCK Other chicken: exports (1000 lbs.). 
QPCTKR Per-capita retail weight turkey consumption (pounds). 
QPOP U.S. population (million). 
QXLBF Live cattle exports (1000 hd.). 
QXLPK Live hog exports (1000 hd.). 
QXBF Beef exports (mill. lbs.). 
QXPK Pork exports (mill. lbs.). 
QYHBRB Young chicken: beginning stocks (1000 lbs.). 
QYHBRE Young chicken: ending stocks (1000 lbs.). 
RCWRWB Beef carcass-retail conversion factor (71 percent). 
RCWRWP Pork carcass-retail conversion factor (78 percent). 
RIFCL Real interest rate on feeder cattle loans (percent). 
RLWCWP Pork liveweight-carcass weight conversion factor (69 percent). 
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Table 12.2 Equations in the U.S. livestock supply sector^. 
Beef Supply Sector 
(12.1) PCSF = PCOF * 10 
(122) CFDBF = (1731.82/56)*PCOF + (2361.57/2000)*FCSF 
(123) CFDBC = (1682.65/2000)'PHAYF + (35222/56) •PCOF 
(12.4) QKCCW = QHCW/(1+EXP(4.17 + 0.0085*((PKST + PKST,., + PKST,.^  + PKST,.3)/4) 
(4524) (6.78) 
- 0.0046*((CFDBC + CFDBC,.i + CFDBC,.; + CFDBC,.3)/4) 
(-4.40) 
+ 0.0023*((RIFCL + RIFCL,.i + RffCL..^  + RIFCL,.3)/4) 
(0.97) 
+ 0.00002*(QHDC - QHDC,.i) - 0.044*02- 0.184*D3- 0279*D4 
(023) (-128) (-527) (-7.23) 
- 0.0195*TIME + 0.064091*0769 - 0.0004'OKCCW,.J) 
(-629) (3.65) (18.73) 
= .92 OH = 0.82 
(12.5) QAHF = (38.10*((PKST,.j + PKST,., + PKST,^  + PKST,.;)/4) 
(2.88) 
- 3.83*((CFDBF,.j + CFOBF,., + CFDBF,^  + CFDBF,.;)/4) 
(-122) 
+ 0.057»(QHCB,^  + QHCB,.7 + QHCB,^  + QHCB,.,) 
(521) 
- 110.60*TIME)*(01+02+D4) 
(-3.02) 
+ (21.54*((PKST,.i + PKST,.J + PKST,^  + PKST,.:)/4) 
(1.29) 
+ 0.039*(QHCB,.s + QHCB,.? + QHCB,^  + QHCB,.,) 
(327) 
- 9.063*((CFDBF,.j + CFDBF,.3 + CFDBF,^  + CFOBF,.;)/4) 
(-2.15) 
- 1.63»(QHDC-QHOC,.,) - 60.18*TIME)*03 + 0.43p,.i + 035p,^  
(-1.48) (-135) (3.19) (2.79) 
= .81 DW = 1.% 
(12.6) QHCW = QHCW + QAHF,., - QOLCW,., - QKCCW,., 
Table 12.2. (Continued') 
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(12.7) QHCB = 033*QHCW'D1 + 031*QHCW»D2 + 0.08*QHCW*D3 + 0.18*QHCWR*D4 
(193.00) (178.00) (4420) (107.00) 
+ 0.622p,.i 
(7.96) 
- .99 DW = 1.99 
(128) QHCCL = QHCCL,.! + QHCB,., + QMLBF,., - QXLBF,., - QKSH,., 
- QKCCL,.! - QKFM,.! - QKCCW,., - QDL,., - OKCBS,., 
(12.9) QPLFBF = (QHCB,.^  + QHCB,.3 + QHCB,^ )/(1 + EXP(2.09 - OJO*(PKST/CFDBF) 
(36.00)(-5.98) 
- 0.0003*QMLBF- 033*D2- 0.46*D3- 026*D4)) 
(-3.56) (-631) (-8.85) (-5.85) 
= .65 DW = 1.09 
(12.10) QKFBF = QHFBF/(1 + EXP(-1.12 + 0.00012*QHFBF,.i- 024»(PKST/CFDBF) 
(-6.94) (7.74) (-2.53) 
- 034*D2- 0.40*D3 - 0.24*D4)); 
(-6.71) (-835) (-5.12) 
R  ^ = .40 DW = 1.09 
(12.11) QKNFBF = QHNFBF/(1 + EXP(5.03 - 0.00005(QHCCL - QHCWR - QHCB - QHCB,, 
(357X-1.12) 
- QHCB,.j - QHCB,.3) + 0.012'PKST- 031*D2- 0.14*D3 - 0.09*D4 
(13) (-235) (-0.89) (-03) 
+ 0.76p,.i 
(9.67) 
R' = 0.80 DW = 2.12 
(12.12) QHFBF = QHFBF,., + QPLFBF,., - QKFBF,., 
(12.13) QHNFBF = QHCCL - QHFBF - QHCW 
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(12.14) QKSH = QKFBF + QKNFBF 
(12.15) QWAVC = - 13.608*(PKST/CFDBF)n- 1.13'RIFCL + 4.78 * TIME 
(-0.99) (-2.46) (3.13) 
+ 57427*D1 + 57523*D2 + 569.17*D3+5683*D4 +0.84p,., 
(20.4) (203) (20.1) (20.1) (13.2) 
= 0.81 DW = 1.98 
(12.16) QSBFC = (QWAVC»(QKSH+QKCCW))/1000 
(12.17) QSBFT = QSBFC + QFMPB + QMBF + QBSBF 
(12.18) QTDBF = QSBFT - QXBF - QESBF 
(12.19) QPCRWB = (QTDBF/QPOP)»RCWRWB 
Pork Supply Sector 
(1220) CFDPK = (3782/56)»PCOF + (106i4/2000)*PSBMF 
(1221) QHGPK = 90433 + 0.0017*QHBG + 15.26*((PBGF/CFDPK) 
(2.12) (023) (0.819) 
+ (PBGF/CFDPK),., + (PBGF/CFDPK),j + (PBGF/CFDPK),.,) 
- 2.45*(RIFCL + RIFCL,.! + RIFCL,.* + RIFCL,.,) - 2.95*TIME 
(-121) (-032) 
+ 106.19*D769 +149.96*D2 -130.43*03 + 136.82»D4 
(1.66) (1.76) (-1.61) (1.7) 
R' = 028 DW = 2.08 
(1222) QKS = QHBH/(1 + EXP(1.43+ 0.12*((PBGF/CFDPK) + (PBGF/CFDPK), J 
(11.9) (3.95) 
+ 0.0014*(RIFCL + RIFCL,.i) + 0.14*D2 - 0.08'D3 - 0.13*D4)) 
(0.44) (4.64) (-238) (-4.88) 
+ 0.78p,.i 
(8.83) 
R' = 0.75 DW = 2.07 
(12.23) QHBH = QHBH,., + QHGPK,., - QKS,., 
Table 12.2. (Continued') 
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(1224) QHPPK = 2.05»QHBH»D1 + 2.76*QHBH*D2 + 230'QHBH*D3 
(20.40) (28.60) (23.60) 
+ 231»QHBH*D4 + 190130*(PBGF/CFDPK) 
(22.80) (5.40) 
= 0.47 DW = 22 
(1225) QKBG =-927.02 + 0.40*QHBG - 61.54* ((PBGF/CFDPK) 
(-0.69) (17^) (-0.851) 
+ (PBGF/CFDPK),., + (PBGF/CFDPK),.i) +59.83»(RIFCL + RIFCL,., 
(11.00) 
+ RIFCL,.2) + 2507.50*02 - 1011.40*D3 + 832.08*D4 
(8.71) (-3.66) (3.03) 
R* = 0.86 DW = 1.00 
(1226) QHBG = QHBG,., + QHPPK,., - QHGPK,., - QKBG,., - QDLH,., 
+ QMLHG,., - QXLHG,., 
(12.27) QWBG = 2.65*(PBGF/CFDPK),., - 0.09'RIFCL,., + 229.77*D1 + 23135*D2 
(2.81) (-0.871) (22.50) (22.60) 
+ 227.97*D3 +229.70*D4 + 0J6*TIME + .89p,., 
(2230) (22.40) (0.72) 
R' = 0.71 DW = 2.12 
(1228) QWS = 45229*D1 + 453.43*D2 + 442.91*D3 + 442.63*D4 
(62.0) (633) (602) (60.00) 
+ 723*(PBGF/CFDPK) + .87p,., 
(3.07) (14.5) 
R' = 0.77 DW = 1.76 
(12.29) QSLWP 
(1230) QSPKC 
(1231) QSPKT 
= (QWS'QKS + QWBG*QKBG)/1000 
= QSLWP'RLWCWP 
= QSPKC + QFMPP + QBSPK + QMPK 
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(1232) QTDPK = QSPKT - QXPK - QESPK 
(1233) QPCCWP = QTDPK/FQPOP 
(1234) QPCRWP = QPCCWP'RCWRWP 
Chicken Supply Sector 
(1235) QFCCK = (1.4/56)»PCOF + (0.6/2000)/PSBMF 
(1236) QLCK = -604.99 + 0.01*QTCK,.2 + 44.585*(PW12CK/QFCCK) - 3233*RIFCL 
(-OiS) (5.15) (1.21) (-2.09) 
- 92.95*TIME + 2025.60*D2 + 317.97*D3 - 74138*D4 
(-1.03) (6.76) (135) (-3.03) 
R' = 0.84 DW = 0.81 
(1237) QTCK = 132713.0 + 45.92»QLCK,., + 538.13*PW12CK + 27099.0*TIME 
(5.20) (1330) (1.13) (21.80) 
+ 81334.0»D2 - 22003.0»D3 - 62010.0*D4 
(8.72) (-2.08) (-6.68) 
R' = 0.98 DW = 139 
(1238) QYKH = 61001.0 + 0.75*QTCK,.i + 7813.90»TIME + 38063.0*D2 - 5405.60*03 
(4.89X21.70) (5.53) (6.78) (-0.74) 
- 47473.0«D4 
(-7.61) 
R" = 0.99 DW = 1.92 
(1239) QYALW = 336 + 0.04*TIME - 0.02*D2 - 0.11*D3 - 0.01*D4 
(203.0) (49.2) (-1.50) (-9.28) (-1.16) 
R^ = 0.97 DW = 0.92 
(12.40) QYLWP = QYKH'QYALW 
(12.41) QYSn = 4835.0 + 0.72*QYLWP+ 10189.0*D2 +12989.0*D3 + 11712.0*D4 + 0.88p,., 
(0.14(93.6) (335) (3.9) (5.71) (135) 
R' = .99 DW= 2.5 
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(12.42) QYST = 72314 + 0.98*QYSn + 7274.90'D2 + 7457.0''D3 + 4237.40''D4 
(7.49) (322.0) (1.16) (1.19) (0.68) 
-= .99 DW = 030 
(12.43) QOST = 227187 - 1576J0'((2»(PW12CK/QFCCK) + (PW12CK/QFCCK),.0/3) 
(22.6) (-1.89) 
- 2010.50*TIME +12075.0*D2 - 13413.0*D3 - 15988.0*D4 
(-521) (231) (-2.57) (-3.06) 
= 0.45 DW = 0.93 
(12.44) QYTCCK = QYST + QYHBRB - QYXCK - QYHBRE 
(12.45) QYPCCK = (QYTCCK/FQPOP)/1000 
(12.46) QOTCCK = QOST + QOBST - QOXCK - QOEST 
(12.47) OOPCCK = (QOTCCK/FQPOP)/1000 
(12.48) QPCCKR = QYPCCK + QOPCCK 
(12.49) LQBFPC=LOG(QPCRWB) 
(12.50) LQPKPC=LOG(OPCRWP) 
(12.51) LQCKPC=LOG(QPCCKR) 
(12.52) LQTKPC=LOG(QPCrKR) 
include the use of growth promotants. There are two feed cost variables which enter the 
beef supply sector. The first is the feed cost associated with fed cattle production 
(Equation 12.1, Table 12.2). This is specified as a weighted average, based on rations 
developed in Chapter 7, of com and com silage which are the two primary feed inputs 
to fed cattle production. The second is the feed cost associated with the beef cow herd 
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(Equation 12.3). This is comprised of hay and com which are the two primary feed 
inputs to the beef cow herd. These feed cost variables will be one of the primary 
economic variables which enter the beef supply system. 
Future beef production is primarily determined by current decisions to cull from 
or add to the breeding herd. Cow slaughter (Equation 12.4, Table 12.2) and heifer 
additions (Equation 12.5) represent the producer's decision to reduce or expand the 
breeding herd. Cow slaughter is specified using a logistic function. The logistic 
functional form allows direct imposition of the restriction that cow slaughter caimot 
exceed the cow inventory (QHCW). The economic factors affecting cow slaughter 
include the moving average of slaughter steer price and the feed cost of beef cows. A 
term for the change in the dairy cow herd is included to provide a reduced form 
representation of any changes in dairy cow inventory which may affect cow slaughter. 
Quarterly dummy variables are included to account for seasonality. The variable D769 
represents a dummy variable applied to the years 1976-1979, during this period a very 
sharp decrease in cow slaughter occurred. Equation 12.5 represents the addition of 
heifers to the breeding herd. Heifer additions are defined as heifers which have calved, 
thus the lags are representative of typical pre-conditioning and gestation periods. Once 
it is determined that heifers will be added, it is necessary to feed them to appropriate 
breeding weight which will be followed by approximately a nine month gestation period. 
Heifer additions are highly seasonal because additions are reported as heifers that have 
calved their first calf and it is common for calving to occur in the spring due to weather 
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conditions. Heifer additions are independently estimated for each quarter to allow for 
differing responses within the quarters. This was found to provide a superior fit 
compared to using additive quarterly dummy variables to represent the seasonality. 
Heifer additions were also corrected for first and fourth order autocorrelation. 
Once the producer's addition and culling decisions are made, the cow inventory 
is determined by identity (Equation 12.6). It would be desirable to separate beef cow 
inventory and dairy cow inventory. However, the necessary data is not available on a 
quarterly basis to provide this distinction. 
Equation 12.7 represents the calf crop. This equation is estimated as a function 
of cow inventory only. There is no direct inclusion of economic variables, since once the 
cow is bred, it is not likely that the producer will terminate the pregnancy of the cow; 
thus, calf crop is largely predetermined. The coefficients very closely represent the 
proportions of calves bom in respective quarters throughout the year. This further 
illustrates why heifer additions are highly seasonal. 
Equation 12,8 provides a representation of the total inventory of cattle and calves. 
This is the basic stock identity for the entire beef supply system. The key flow variables 
for this identity include calves born (QHCB), live cattle imports (QMLBF), live cattle 
exports (QXLBF), steer and heifer slaughter (QKSH), calf slaughter (QKCCL), on-farm 
slaughter (QKFM), cow slaughter (QKCCW), death loss (QDL), and bull and stag 
slaughter (QKCBS), The only flow variable which remains to be estimated is steer and 
heifer slaughter. The rest are not estimated because they represent very small 
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components of the production process and are not necessary for purposes of this study. 
Steer and heifer slaughter (the remaining flow variable) is not straight-forward. 
Steers and heifers marketed are separated into two groups; fed cattle and non-fed cattle. 
The inventory of fed beef is the category of beef for which data is available, and results 
in the majority of beef production. This portion of the separation of steers and heifers 
is specified, and non-fed cattle are determined as a residual. Equation 12.9 is the 
estimated equation for cattle placed on feed. The placements equation is specified as 
a logistic function and bounded by calf crops lagged two, three and four periods. The 
lags represent the population of calves which are available for placement on feed. Since 
placements from this pool can be made at any time, the current steer price and feed 
costs are significant in affecting current placement decisions. Live imports are included 
since many of these animals may also be placed on feed when they arrive. The other 
flow variable in the fed cattle component is fed cattle slaughter (Equation 12.10). Again 
this is specified as a logistic function and restricted by the inventory of fed cattle. 
Estimation of placements on feed and fed slaughter provides the flow variables for 
constructing the identity of the inventory of cattle on feed (Equation 12.12). This 
obviously leaves the determination of non-fed cattle inventory as a residual of total 
inventory of cattle and calves less cattle on feed and cow inventory (Equation 12.13). 
However, it is still necessary to estimate non-fed slaughter to determine total slaughter 
of steers and heifers which determines the majority of beef production. Non-fed 
slaughter is estimated as a logistic function bounded by the inventory of non-fed cattle 
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(Equation 12.11). Slaughter of steers and heifers is simply fed slaughter plus non-fed 
slaughter (Equation 12.14). 
The only remaining equation necessary to determine beef production is the 
average carcass weight of cattle. While carcass weights vary between types of animals 
(e.g., fed steers vs. cows), the data is not available to make this distinction and an 
average carcass weight is used as a proxy. Equation 12.15 provides the specification for 
this equation. Intuition suggests that the sign of the price/feed cost coefficient should 
be positive. However, because the proportion of cattle represented by cows and non-fed 
cattle increases during lower prices, and they have lower carcass weights than fed cattle, 
this sign is consistent. 
Equations 12.16-12.19 are necessary identities to derive per-capita beef 
consumption (Equation 12,19) which is the end product of beef production in this 
disappearance framework. Total beef production (Equation 12.16) is simply the average 
carcass weight multiplied by total slaughter as represented by steer and heifer slaughter 
and cow slaughter. Total beef supply (Equation 12.17) is comprised of total production 
plus beginning stocks plus on-farm production plus beef imports. Total domestic 
disappearance (Equation 12.18) is total beef supply less beef exports and ending stocks. 
Per-capita consumption (Equation 12.19) is simply total disappearance divide by 
population and multiplied by the carcass weight to retail weight conversion factor (0.71). 
This conversion factor is specified by the USDA, and is relatively constant over time. 
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Pork supply structure 
As with beef, it is first necessary to develop the feed cost variable for inclusion 
in the pork supply sector. The feed cost for pork (Equation 12.20) is composed of com 
and soymeal which are the two primary ingredients in standard hog feed rations. The 
prices are weighted by the proportion of the type of feed in the ration. 
The structtire of the pork supply system is very similar to the beef supply sector. 
Economic variables affecting decisions on culling and additions to the breeding herd 
largely determine future pork production. Equation 12.21 represents gilt additions to the 
breeding herd. The lag structure is determined by the time lag from the decision to 
retain a gilt and for the gilt to farrow which is the time it enters the breeding herd. 
Equation 12.22 represents sow slaughter or culling decision. The sow slaughter equation 
is estimated as a logistic function bounded by the current breeding herd inventory. 
Because the decision to cull a sow requires less time than the decision to add a gilt and 
farrow, the lag structure is shorter. In fact the only reason that the lag structure is two 
periods is to allow for the fact that any sows currently bred will be allowed to farrow and 
wean their piglets. The equations for sow slaughter and particularly gilt retention do not 
explain a high proportion of the variance. This may be due to the omission of an age 
of herd variable which would likely add significant explanatory power to this system. 
However, this information is not available. Gilt additions are extremely difficult to 
represent and are probably more a function of the herd age than any other single 
variable. 
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Equation 12.23 represents the breeding herd inventory identity comprised of gilt 
additions and sow slaughter. The breeding herd inventory largely determines the 
subsequent pig crop (Equation 12.24). The coefficients associated with breeding herd 
inventory may appear small, but it must be considered that at any given time 
substantially less than the total breeding herd inventory is farrowing. Thus, these 
coefficients represent pigs per litter times the proportion of sows in the breeding herd 
farrowing during thaï quarter. Pig crop is also a function of current barrow and gilt 
prices and feed costs. The significant positive coefficient is likely a function of increased 
numbers of sows farrowing during periods of higher prices. 
Equation 12,25 is barrow and gilt slaughter. This is the primary determinant of 
pork production, and is mostly determined by the inventory of barrows and gilts. 
However, prices and interest rates are included as explanatory variables. The negative 
coefficient on the price/feed cost variable represents the flow of gilts toward additions 
to the breeding herd rather than to slaughter. 
Equation 12.26 is the barrow and gilt inventory identity. This identity is 
composed of the stocks and flows of the pork supply system. The inflows include pig 
crop and live imports (QMLHG). The outflows include additions to the breeding herd, 
barrow and gilt slaughter, death loss (QDLH) and live exports (QXLHG). Live imports, 
live exports and death loss are not estimated within the system. Gilt additions do not 
represent a terminal flow, but rather a flow from barrow and gilt inventory to breeding 
herd inventory. 
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With slaughter numbers determined, the slaughter weights must be determined 
to derive total pork production. Barrow and gilt liveweights (Equation 12.27) and sow 
liveweights (Equation 12.28) are estimated, and behave as expected-increasing as prices 
increase. A time trend is included to account for the trend toward larger animak at 
slaughter. 
Equations 12.29-12.34 provide the identities necessary to derive per capita pork 
consumption which is the end result of pork production. Equation 12.29 determines the 
total liveweight production of pork and is simply slaughter multipUed by the liveweight 
of animals in each respective class. Equation 12.30, commercial pork production, is 
liveweight production multiplied by a liveweight-carcass conversion factor (0.69). 
Equation 12.31 is total pork supply, and is determined by adding on-farm pork 
production (QFMPP), pork beginning stocks (QBSPK) and pork imports (QMPK) to 
commercial pork production. Equation 12.32 is total domestic pork disappearance. This 
is simply total supply less pork exports (QXPK) and pork ending stocks (QESPK). 
Equation 12.33 is the per-capita carcass weight consumption of pork and is obtained by 
dividing total disappearance by population. Finally, Equation 12.34 is per capita pork 
consumption and is per capita carcass weight consumption multiplied by a carcass-retail 
weight conversion factor (0.78). 
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Chicken supply sector 
The feed cost variable for chicken (Equation 12.35) is specified in the same 
manner as for beef and pork. The feed components are com and soymeal, and these 
are weighted in the proportion they occur in the ration. 
The chicken supply sector is represented by Equations 12.35-12.48. There are two 
classes of chicken production represented. The first and largest is the young chicken or 
broiler production sector. Broilers account for the majority of chicken production. 
Other chicken is comprised of mature chickens such as laying hens fi-om hatchery supply 
flocks or from egg production. 
Unlike beef and pork, the chicken supply sector does not have well defined 
biological flows. This is mostly because of the rapid turn around time in the biological 
production of chickens. Thus, this system does not have well defined inventory 
identities, and is specified as a function of various production flow variables which help 
provide some systematic structure to the system. 
Hens placed into the hatchery supply flock. Equation 1236 represents the decision 
to increase the production of broilers, since more placements lead to more egg 
production. This is shown in Equation 12.37 where chicks hatched is a function of 
previous placements into the hatchery supply flock. Similarly, federally inspected young 
chicken slaughter (Equation 12.38) is a function of previous hatchings because once the 
birds are hatched they will be grown-out in approximately one quarter. Quarterly lags 
probably reflect too long a production cycle; however, it is a much better representation 
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than previous annual models, and provides at least some ability to maintain biological 
flows through the system. 
Equation 12.39 provides the average liveweight of young chickens under federally 
inspected slaughter which is necessary for determining total federally inspected 
liveweight production (Equation 12.40). Equation 12.41 is federally inspected ready-to-
cook young chicken production. The coefficient on (QYLWP) represents the conversion 
factor from liveweight to ready-to-cook weight Finally, Equation 12.42 is total young 
chicken production. The coefficient on (QYSFI) represents the proportion of the total 
young chicken production which is made up of federally inspected young chicken. The 
other two percent is chicken which does not enter commercial poultry slaughter plants. 
Equation 12.43 is a direct estimation of other chicken production. There is little 
data available for providing any structure to this equation; specifications which included 
such variables as placements into hatchery supply flock did not improve the statistical 
properties of the equatioiL The price coefficient is negative because higher prices result 
in fewer hens slaughtered as more axe kept in hatchery supply flocks. 
Equation 12.44 represents total young chicken consumption. This is simply total 
young chicken production plus beginning stocks of young chicken (QYHBRB) less young 
chicken exports (QYXCK) and young chicken ending stocks (QYHBRE). Equation 
12.45 represents per capita consumption of young chicken and is simply total young 
chicken consumption divided by population. 
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Equation 12.46 is analogous to Equation 12.44 but determines total other chicken 
consumption. This is total other chicken production plus beginning stocks of other 
chicken (QOBST) less other chicken exports (QOXCK) and ending stocks of other 
chicken (QOEST). Equation 12.47 is per-capita consumption of other chicken and is 
simply total other chicken consimiption divided by population. Equation 12.48 
represents total per-capita chicken consumption, which is the sum of per capita young 
chicken consumption and per capita other chicken consumption. 
Equations 12.49-12.52 represent log conversions of the per capita consumption 
variables for beef, pork, chicken and turkey which are required for the inverse demand 
system which will be discussed later. 
Because of the non-linear specification of the model, and the level of 
disaggregation of supply equations, it is difficult to directly calculate supply flexibilities. 
As an approximation for the price response, each industry's representative farm prices 
(slaughter steer, barrow and gilt, and wholesale chicken) were perturbed by 10% to 
determine impacts on production. The results are shown in Table 12.3. 
The results in Table 12.3 seem reasonable based on prior expectations. The 
chicken price response is very low in this model. This is largely because of the lack of 
an readily identifiable price to which broiler production responds, and because of the 
lack of an explicit biological structure. However, previous supply models of the broiler 
industry (Chavas and Johnson, 1982, Jensen et al., 1989) have also obtained these low 
price responses. 
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In summary, the hvestock supply sector provides for simultaneous estimation of 
production of beef, pork, and chicken. The structure is complete in the sense that it 
includes the various production stages, including animal inventories and the flow 
relationships necessary to maintain the structure. While many variables are exogenously 
determined which could be endogenized, they are largely peripheral variables and would 
provide little enhancement in terms of the explanatory capabilities and structure of the 
model. 
Table 12.3. Impact of 10% increase in own farm price on supply 
Period 
Percent change 
in beef supply 
Percent change 
in pork supply 
Percent change in 
young chicken supply 
-1 0.000 0.000 0.000 
0 -0.783 0.601 0.211 
1 -0.694 2.626 0.490 
2 0.560 4.230 0.598 
3 2.359 5.304 0.642 
4 3.934 6.005 0.664 
5 5.182 6.464 0.672 
6 6.152 6.766 0.676 
7 6.905 6.965 0.677 
8 7.492 7.096 0.678 
9 7.953 7.183 0.678 
10 8.319 7.240 0.679 
20 9.505 7.346 0.679 
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Meat Demand Sector Estimation Results 
The form of the demand system selected is the inverse almost ideal demand 
system The conceptual background for this specification was presented in Chapter 9. 
This section provides the specification and estimation of the proposed theoretical system. 
Beef, pork, chicken and turkey are included in the demand system. These 
comprise the major portion of meat consumption in the U.S.. The meat group (i.e., beef, 
pork, chicken and turkey) is assumed to be weakly separable from other goods and other 
foods. In addition, homogeneity, symmetry and adding up restrictions were imposed on 
the system. Homogeneity, symmetry and adding up restrictions were not specifically 
tested, but their imposition resulted in much improved estimation results, and are 
maintained hypotheses. 
Equations 12.53-12.55 in Table 12.4 provide the estimated coefficients and t-
statistics for the demand system estimated using iterative three-stage-least-squares 
(ITSSLS). The turkey equation is omitted to avoid singularity, and the implied 
coefficients for the turkey share equation are derived fi-om the imposed restrictions. The 
majority of the coefficients are significant and of the proper sign. However, the 
coefficients of the scale effect are not significant for this representation. The scale effect 
was left in its quadratic form. In addition, to acheive invariance to the equation deleted, 
the technique of using the same correlation coefficient for each equation is used (Bemdt 
and Savin (1975). 
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Table 12.4. U.S. meat demand specification 
(12.53) ESBF = 0.47 + 0.010*D2 + 0.015*D3 - 0.003*D4 + O.B3*LQBFPC 
(11.44) (0.66) (1.11) (-030) (6.09) 
- 0.060*LQPKPC - 0.0533»LQCKPC - 0.019*LQTKPC 
(-422) (-4.15) (-421) 
+ 0.003*(1 + (0.47»D1 + 0.010*D2 - 0.015*D3 - 0.003*D4)*LQBFPC 
(031) (11.44) (0.66) (1.11) (-030) 
+ (0328*D1 - 0.017*D2 - 0.024»D3 - 0.010»D4)*LQPKPC 
(10.66) (-1.67) (-2.55) (-125) 
+ (0.188*D1 - 0.004*D2 - 0.004»D3 - 0.013'D4)*LQCKPC 
(6.02) (-039) (-0.42) (-1.49) 
+ (0.018»D1+ 1.01*D2 + 1.01*D3 + 1.03*D4)»LQTKPC 
+ 0.133*LQBFPC»LQBFPC + 0.074*LQPKPC*LQPKPC + 0.058*LQCKPC*LQCKPC 
(2.43) (4.58) (3.44) 
+ 0.009»LQTKPC*LQTKPC - 0.06*LX)BFPC*LQPKPC - 0.053*LQBFPC*LQCKPC 
- 0.015*LQPKPC*LQCKPC - 0.019*LQBFPC»LQTKPC + 0.0007*LQPKPC*LQTKPC 
(-131) 
+ 0.010*LQCKPC*LQTKPC) + 0.817p,.i 
(15.7) 
= 0.92 DW = 1.815 
(12.54) ESPK= 0328 - 0.017»D2 - 0.024*D3- 0.010*D4 - 0.060'LQBFPC 
(10.70) (-1.67) (-2.55) (-125) (-422) 
+ 0.074'LQPKPC - 0.015*LQCKPC - 0.0007*LQTKPC 
(4.58) (-1.13) 
- 0.006*(1 + (0.47*D1 + 0.009*D2 - 0.15*D3 - 0.003*D4)*LQBFPC 
(-125) (11.44) (0.66) (1.11) (-030) 
+ (0328*D1 - 0.017*D2 - 0.024*D3 - 0.010*D4)*LQPKPC 
(10.66) (-1.67) (-2.55) (-1.25) 
+ (0.188'Dl - 0.004*D2 - 0.004»D3 - 0.013'D4)'LOCKPC 
(6.02) (-039) (-0.42) (-1.49) 
+ (0.018*D1+ 1.01*D2 + 1.01*D3 + 1.03*D4)*LQTKPC 
+ 0.133*LQBFPC*LQBFPC + 0.074^LQPKPC*LQPKPC + 0.058»LQCKPC*LQCKPC 
(2.43) (4.58) (3.44) 
+ 0.009*LQTKPC*LQTKPC - 0.06*LQBFPC«LQPKPC - 0.053*LOBFPC*LQCKPC 
- 0.015*LQPKPC*LQCKPC - 0.019*LQBFPC*LQTKPC + 0.0007*LQPKPC*LQTKPC 
(-131) 
+ 0.010*LQCKPC»LQTKPC) + 0.817p,, 
(15.7) 
R" = 0.75 DW = 1.83 
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Table 12.4. (Continued) 
(12.55) ESCK= 0.188 - 0.004*D2 - 0.003*D3- 0.013*D4 - G.053*LQBFPC 
(6.02) (-039) (-4.19) (-1.49) (-4.15) 
- 0.015*LQPKPC+ 0.058*LQCKPC - 0.009*LQTKPC 
(-1.13) (3.44) 
- 0.004»(1 + (0.47*01 + 0.009*D2 - 0.15*D3 - 0.003*D4)*LQBFPC 
(0.87) 
+ (0328»D1 - 0.017*02 - 0.024*03 - 0.010*D4)*LQPKPC 
(10.66) (-1.67) (-2.55) (-125) 
+ (0.188*01 - 0.004*02 - 0.004*03 - 0.013*04)*LQCKPC 
(6.02) (-039) (-0.42) (-1.49) 
+ (0.018*01+ 1.01*02 + 1.01*03 + 1.03*04)»LQTKPC 
+ 0.133*LQBFPC*LQBFPC + 0.074*LQPKPC*LQPKPC + 0.058*LQCKPC*LQCKPC 
(2.43) 
+ 0.009*LQTKPC*LQTKPC - 0.06*LQBFPC*LQPKPC - 0.053*LQBFPC*LQCKPC 
- 0.015»LQPKPC*LQCKPC - 0.019*LQBFPC*LQTKPC + Oi)007*LQPKPC*LQTKPC 
(-131) 
+ 0.010*LQCKPC*LQTKPC) + 0.817p,., 
R' = .91 OW = 1.40 
(12.56) ESTK = 1 - ESBF - ESPK - ESCK 
(12.57) RPBF = (ESBF*TXMT)/QPCRWB 
(12.58) RPPK = (ESPK*TXMT)/QPCRWP 
(12.59) RPCK = (ESCK*TXMT)/QPCCKR 
(12.60) RPTK = (ESTK*TXMT)/QPCTKR 
Of primary interest are the flexibilities associated with the estimated demand 
system (Table 12.5). The uncompensated flexibilities are reasonable, and all own-price 
and cross-price flexibilities indicate gross substitutability between the meats, except for 
some of the turkey flexibilities. This is likely a result of the strong seasonality associated 
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with turkey consumption. The scale effects are also of proper sign and reasonable 
magnitude. The compensated flexibilities indicate that all goods are net substitutes 
except for chicken and turkey. 
Table 12.5. Demand system flexibilities 
Beef Pork Chicken Turkey Scale 
Uncompensated flexibilities 
Beef -0.773 -0.104 -0.092 -0.032 -1.01 
Pork -0214 -0.713 -0.051 0.003 -0.98 
Chicken -0394 -0.103 -0.544 0.075 -0.97 
Turkey -0.670 -0.037 0.252 -0.751 -1.21 
Compensated flexibilities 
Beef -1348 -0374 -0224 -0.068 
Pork -0.773 -0.972 -0.177 -0.031 
Chicken -0.948 -0359 -0.669 0.042 
Turkey -1361 -0357 0.096 -0.792 
The flexibilities of three other studies which estimate inverse demand systems for 
meat (Dahlgran (1987), Huang (1988), and Bales and Unnevehr (1991)) are provided 
in Table 12.6. Because of differences in estimation procedures, commodities included, 
and system specifications used, the results are not directly comparable across the studies. 
However, the estimated flexibilities provide a range of values and magnitudes which are 
approximate to the values provided in this study. Not all studies included scale 
flexibilities, and so they are not included. Also, the variability of scale flexibilities are 
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sensitive to the commodities included in the system estimation. Since none of the 
models include the same set of commodities, the scale flexibilities are not comparable. 
An additional study by Anderson and Wilkinson (1985) provides similar low flexibilities. 
Table 12.6. Summary of estimated flexibilities by different studies 
Study Data Period 
Demand 
spedfication 
Own 
price* Cross price*' 
Dahlgran 
(1987) 
Annual 1950-1985 Rotterdam B -1.069 
P-1243 
C -1.184 
BP-273 BC -.071 
PB-.460 PC .156 
CB -268 CP-.400 
Huang 
(1988) 
Annual 1947-1983 Rotterdam B -1.082 
P -1222 
L -1.059 
BP-.052 BL-.135 
PB-.066 PL-.102 
LB-.468 LP-279 
Bales and 
Unnevehr 
(1991) 
Quarterly 1966-1988 LMDS B -0.947 
P-0.990 
C -0.755 
BP-.173 BC -.180 
PB-351 PC-318 
CB-.930 CP-.899 
' B = Beefi P = Pork, C = Chicken, L = Poultry 
'• BP = Beef/Pork, BC = Beef/Chicken, BL = Beef/Poultry, PB = Pork/Beef, PC = 
Pork/Chicken, PL = Pork/Poultry, CB = Chicken/Beef, CP = Chicken/Pork, LB = Poultry/Beef 
LP = Poultry/Fork. 
Price Transmission Estimation Results 
The theoretical and conceptual issues in specification of livestock price 
transmission were discussed in Chapter 10. This section provides information on the 
estimated equations, parameters, and statistics for the beef, pork and chicken margins. 
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Pork margin 
While Wohlgenant and Mullen examined the beef farm-retail margin relationship, 
no studies have expUcitly examined this relationship for pork. Data required for the 
specification includes quarterly farm and retail prices, a packer cost index, commercial 
pork production and value of pork byproducts. 
The margin equation provides a link between the retail price, which is determined 
in the demand model, and the farm price. Thus, the margin is directly calculated as the 
retail price minus the farm price in cents per pound. This allows the nominal margin 
to calculated directly from the available data. One problem with this specification is that 
the farm price represents the value of the whole animal whereas the retail price 
represents the value of the retail yield of the carcass. In general, this is reconciled by 
weighting the farm price by some conversion factor of farm quantity to retail quantity. 
However, in a regression context this should be implicit in the coefficient on the retail 
price, such that one would expect the coefficient to be less than one. In addition, one 
may account for margin changes by including the value of byproducts. It is expected that 
as the value of the byproducts increases, the margin should narrow since the carcass is 
worth more given a constant retail price with an increase in the byproduct value. The 
data for the estimation of the farm-retail margin is the 7-market barrow and gilt price 
($/cwt.), the average retail price of pork (cents/pound), value of pork byproducts 
(cents/pound), commercial pork production (mill, lbs.), and a processor cost index 
(1982= 100). For estimation purposes all prices are normalized by the consumer price 
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index (1982=100), and commercial pork production is expressed on a per capita basis. 
The processor cost index is a simple average of an index of meat packers' wage rales 
and a producer price of fuel and power index (1982= 100). 
Equation 12.71 in Table 12,7 is the estimated pork margin. This specification is 
very similar to Wohlgenant and Mullen's specification for the beef margin, but because 
the actual farm and retail price were used in calculating the margin, the value of pork 
byproducts was added to the specification. In addition, the specification included 
quarterly dummy variables to account for seasonal variation, and it was necessary to 
correct for autocorrelation. The coefficient on the processing cost index term 
(NMKCST) is negative, but not significant. Intuition suggests that as marketing costs 
increase, the margin should increase as processors and retailers attempt to reclaim these 
costs. The index created was heavily influenced by beef packer costs, and may not 
provide a reasonable index of pork processor costs. As expected, the value of the 
coefficient on pork byproducts is negative and significant. It seems reasonable that as 
the value of pork byproducts increases, the overall value of the carcass increases, and 
the processor is able to pass this on to the farm price. The remainder of the equations 
are identities to establish the margin relationship and barrow and gilt price. 
Beef margin 
Essentially the same procedures for developing the pork margin were used in 
developing the beef margin (Equation 12.77). All variables are completely analogous 
to those used in the estimation of the pork margin equation. 
Table 12.7. Margin Specification for U.S. Meat Sector 
Pork Margin Specification 
(12.71) NQSPKC=QSPKC/FQPOP 
(12.72) NRPPK=(RPPK*100)/CPI 
(12.73) NMRGPK = 0.57*NRPPK*D1 + 0.56*NRPPK*D2 + 0i7*NRPPK*D3 
(14.5) (13.9) (15.0) 
+ 0.56*NRPPK*D4 + 0.014»NRPPK»NQSPKC - 0.018'NMKCST 
(13.70) (5.42) (-032) 
- 2.03'NPKBYP + 0.88p,., 
(-7.09) (113) 
R' = 0.98 DW = 2.42 
(12.74) PBGF = (NRPPK - NMRGPK)*CPI 
Beef Margin Specification 
(12.75) NQSBFC = QSBFC/QPOP 
(12.76) NRPBF = (RPBF*100)/CPI; 
(12.77) NMRGBF = 0.58*NRPBF*D1 + 0.57*NRPBF*D2 + 0.57*NRPBF*D3 
(112) (11.1) (10.9) 
+ 0.57*NRPBF*D4 + 0.008*NRPBF»NQSBFC + 0.01'NMKCST 
(10.8) (5.47) (0.123) 
- 0.69*NBFBYP+ 0.92p,.i 
(-4.03) (18.7) 
= 0.98 DW = 2.14 
(12.78) PKST = (NRPBF - NMRGBF)»CPI 
Chicken Margin Specification 
(12.79) NQYST = (QYST/FQPOP)/1000 
(12.80) NQOST = (QOST/FQPOP)/1000 
(12.81) NRPCK = (RPCK*100)/CPI 
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Table 12.7. (Continued) 
(12.82) NMRGCK = 0.06*NRPCK*D1 + 0.05*NRPCK*D2 + 0.04»NRPCK*D3 
(3.8) (328) (3.1) 
+ 0.09*NRPCK*D4 + 0.005*(NQYST+NQOST)*NRPCK + 0.014*NPMCST 
(5.63) (3.63) (132) 
+ 0.52*LAG(NMRGCK) 
(9.04) 
(12.83) PW12CK = (NRPCK - NMRGCK)*CPI 
All coefficients on the beef margin equation have the expected signs. However, 
the marketing cost coefficient is not significant. It was again necessary to correct for 
autocorrelation. 
Chicken margin 
The estimation of the chicken margin specification proceeds in much the same 
way as for pork and beef (Equation 12.82). However, the market cost index for chicken 
is different. Since the costs of the highly integrated poultry processing industry are quite 
different firom the meat packing industry, the hourly wage rate for poultry processing 
plants was used in the market cost index rather than the hourly wage rate for meat 
processing. If the wage rates within the meat processing industry and the poultry 
processing industry are compared, the real wage rate for meat processing has declined 
substantially in recent years, while the real wage rate for poultry processing has 
remained almost constant. An additional difference is that the value of poultry 
byproducts is not available, and is not included in the model. 
273 
Although the coefficient on the poultry market cost index (NPMCST) has the 
expected sign, it is not significant. However, other signs are plausible and coefficients 
are significant. 
Margin summary 
The relative pricing structure with the inclusion of by-products in beef and pork 
provides a plausible representation of price transmission of the livestock sector. While 
no market cost index coefficients were significant, this may be due to possible 
measurement error, since the index as constructed may not provide a realistic 
representation of the cost structure. Additionally, the appropriate chicken margin 
specification may be worthy of further investigation because of the high degree of 
vertical integration and value added product marketing. 
Reduced Form Feed Demand Specification 
In the context of estimating the impacts of growth promotants, it is important to 
include some feedback to the feed grain and soymeal sector, because changes in 
production technology in the livestock sector will have impacts on feed grain demand 
and hence feed prices which will affect livestock production through the feed cost 
variables. 
The first step to determination of the feed sector is to develop a measure of feed 
use by the livestock sector. This is completed by specifying technical relationships of 
feed usage. Since biological processes determine feed use for different classes of 
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animals, it is necessary to normalize the feed use into representative units. The 
relationships specified are grain consuming animal units (GCAUs) and high protein 
animal units (HPAUs). Grain consuming animal units are the technical index of feed 
grains used by livestock and poultry. High protein animal units are the technical index 
of oilseeds (soymeal) used by livestock and poultry. The technical relationships are 
derived from Lawrence (1985). Tables 12.8 and 12.9 provide the definitions of GCAUs 
and HPAUs by animal class. Each type of animal within the production sector estimated 
Table 12.8. GCAU equations for livestock and poultrv 
Dairy cows 
DCGCAU = QHDCR/1000 
Beef cows 
BCGCAU = (0.0095»QHBC + 0.017'QAHF)/1000 
Feeder cattle 
BFGCAU = (0.48*QPLFBF + 0.89*QPLFBF,.i + 0.49*QKFBF)/1000 
Sows 
SWGCAU = (0.551'QHBH)/1000 
Barrows and gilts 
BGGCAU = ((0.598*(QHBG-QHPPK)) + 0.497*QHPPK)/1000 
Broilers 
CKGCAU = (0.0102"QYKFI + 0.0142'QOKFI)/1000 
Total GCAU 
GCAU = DCGCAU + BCGCAU + BFGCAU + SWGCAU + BGGCAU 
+ CKGCAU 
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Table 12.9. HP AU equations for livestock and poultry 
Dairy cows 
DCHPAU = QHDCR/1000 
Beef cows 
BCHPAU = (0.0033'QHBC + 0.016'QAHF)/1000 
Feeder cattle 
BFHPAU = (0.40'QPLFBF + 0.44»QPLFBFt.i + 0.11*QKFBF)/1000 
Sows 
SWHPAU = (0398*QHBH)/1000 
Barrows and gilts 
BGHPAU = ((0.429*(QHBG-QHPPK)) + 0.359'QHPPK)/1000 
Broilers 
CKHPAU = (0.0165»QYKn + 0.0137*QOKFI)/1000 
Total HPAU 
HPAU = DCHPAU + BCHPAU + BFHPAU + SWHPAU + BGHPAU 
+ CKHPAU 
is represented in the GCAU/HPAU system. The technical coefficients represent the 
amount of feed consumed relative to one dairy cow. This is why the coefficient on the 
dairy cow portion is simply 1. These equations are the primary linkage between the 
livestock production sector and the feed sector. As the number of animals increase 
more feed is consumed, but as the proportions of animal types within the livestock 
production sector changes, there may be relatively more impact on the grain consuming 
or high protein animal units depending on the type of animals. Grain consuming animal 
276 
units primarily represent animals consuming feed grains, while high protein animal units 
primarily represent ammals consuming oilseeds high in protein. 
Given the feed consumption equations based on technical coefficients, the next 
step is to estimate reduced form feed price equations which then link directly to the 
livestock supply sector through feed prices. For simplicity, the feed price equations are 
estimated as simple linear equations using OLS. In addition to the demand for feeds 
represented by GCAUs and HPAUs, average rainfall for the com belt (CBRAIN) was 
included as an explanatory variable to account for some of the supply variability. The 
system was estimated with a 4 quarter lag on each explanatory variable. This is to 
account for the crop year which affects current production. The reduced form com price 
and soymeal price equations are presented in Table 12.10. The numbers in parenthesis 
represent t-statistics. 
Table 12.10. Reduced form com and sovmeal price equations 
Com Price 
PCOF = -1.056 + 0.079'(GCAU, 1 + GCAU^^ + GCAU^.j + GCAU,J/4 
(-0.36) (1.74) 
- 0.059*(CBRAINt.i + CBRAIN, 2 + CBRAIN,.3 + CBRAIN,^))/4 
(-1.15) 
- 0.057»TIME + 0.05'Dl + 0.134*D2 + 0.186'D3 + 0.87 p, ^ 
(-1.74) (0.90) (2.05) (3.33) (12.00) 
PSBMF =-46.55 + 6.63*(HPAU,i + HPAU,; + HPAU, 3  + HPAU,^)/4 
(-0.30) (2.10) 
- 14.79*(CBRAIN, 1 + CBRAIN, ^ + CBRAIN,, + CBRAIN,J)/4 
(-3.58) 
- 0.052'TIME -1.93'Dl - 1.21'D2 -0.04*03 + 0.61p,i 
(-0.24) (-0.34) (-0.19) (-0.01) (5.25) 
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The signs of estimated parameters are as expected. Each equation was corrected 
for first order autocorrelation. Although some of the parameters have rather low t-
statistics, this is somewhat expected with a reduced form specification which does not 
fully include the specification of the entire feed sector. However, the key issue is that 
the reduced form equation have an expected response similar to a full form specification. 
This was the case and the long run response for com price is that a 10% increase in 
GCAUs results in an approximately 20% increase in feed prices. A similar relationship 
was exhibited between HPAUs and the soymeal price. These responses were checked 
with the response of FAPRI's fully specified U.S. crop model (Westhoff et al. (1990)) 
and were found to be consistent. 
The reduced form feed demand component will allow for determination of the 
impacts on com and soymeal demand and prices when the model is shocked with growth 
promotant impacts. This will aid in providing a more accurate representation of the 
overall impacts of growth promotants on agriculture. 
Model Validation 
The model validation statistics include root mean squared percent error 
(RMSPE), Theil simulation statistics, and dynamic multipliers. The statistics and 
multipliers are calculated from simulations of the simultaneously estimated U.S. livestock 
industry model. 
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The RMSPE and Theil statistics are standard output of the SAS nonlinear 
simulation procedure (SIMNLIN). The RMSPE measures the deviation, in percentage 
terms, of the simulated variable from its actual time path (Pindyck and Rubinfeld, 1976, 
p. 362). The Theil statistics include the bias proportion (UM), the regression proportion 
(UR), and the disturbance proportion (UD) of the decomposition of the mean squared 
error (MSE), (Maddala, 1977, pp. 344-347). The RMSPE and Theil statistics are shown 
in Table 12.11. U and U1 (Table 12.11) are statistics defined as Theil's inequality 
coefficient, and adjusted Theil's inequality coefficient respectively. These expressions 
represent a composite of UR, UM, and UD (Pindyck and Rubinfeld, 1976, p. 364). 
The reported simulation statistics appear to be quite acceptable for a dynamic simulation 
model of this size. 
The simulation statistics do not provide insight into the model dynamics or 
response of the model to exogenous shocks. Dynamic multipliers measure the dynamic 
response of the model to changes of the exogenous assumption of the model and provide 
an indication of the stability of the simulation model over time. The first period 
multipliers are the impact multipliers, which measure the initial impact of the change. 
The sums of the dynamic multipliers over a period of time are the total long run 
multipliers (Pindyck and Rubinfeld, 1976, p. 392). To illustrate, the com price is an 
exogenous variable which affects all livestock sectors. The dynamic multipliers are 
calculated by simulating the impacts of a 10 percent increase in com price. The results 
of the impacts on key variables for a 24 year period are provided in Table 12.12. 
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Table 12.11. RMPSE and Theil statistics 
Variable RMSPE BIAS 
(UM) 
REG 
(UR) 
DIST 
(UD) 
VAR 
(US) 
COVAR 
(UC) 
U1 U 
QHCB 4.8968 0.001 0.003 0.997 0.000 0.999 0.0479 0.0239 
QAHF 192955 0.016 0.015 0.969 0.023 0.962 0.1676 0.0833 
QKCCW 22.9704 0.003 0326 0.671 0.027 0.970 02268 0.1123 
QHCW 5.4111 0.000 0.081 0.919 0.004 0.996 0.0554 0.0277 
QHNFBF 4.5326 0.097 0.075 0.828 0.198 0.705 0.0485 0.0244 
QHFBF 9.0060 0.005 0.171 0.824 0.000 0.995 0.0869 0.0433 
QFLFBF 10.7871 0.000 0.037 0.963 0.015 0.985 0.1036 0.0518 
QKFBF 7.7744 0.000 0.180 0.819 0.090 0.910 0.0754 0.0377 
QKNFBF 160.019 0.074 0.068 0.858 0385 Oj41 03920 02186 
QKSH 6.9062 0.030 0350 0.620 0.011 0.958 0.0693 0.0348 
QWAVC 23779 0.000 0.185 0.815 0.482 0il8 0.0231 0.0115 
QHCCL 3.4108 0.034 0.081 0.885 0219 0.747 0.0363 0.0182 
QSBFT 73804 0.006 0.459 0535 0.000 0.994 0.0745 0.0374 
QSBFC 8.6298 0.006 0.549 0.445 0.015 0.979 0.0872 0.0437 
QTDBF 7.9291 0.006 0.545 0.449 0.009 0.985 0.0805 0.0404 
QPCRWB 7.9291 0.004 0320 0.675 0.025 0.970 0.0814 0.0408 
PCCW 14.4371 0.030 0.105 0.865 0.003 0.%7 0.1332 0.0658 
QKS 13.8485 0.001 0.008 0.991 0.134 0.865 0.1351 0.0680 
QHBH 10.1095 0.000 0.051 0.949 0.514 0.486 0.1017 0.0510 
QHGPK 23.1455 0.000 0.000 1.000 0.290 0.710 0.1957 0.0988 
QHPPK 9.2749 0.013 0.021 0.966 0.082 0.905 0.0883 0.0444 
QHBG 8.9724 0.003 0.167 0.829 0.040 0.956 0.0877 0.0440 
QKBG 9.6586 0.014 0.029 0.957 0.162 0.824 0.0910 0.0458 
QWBG 1.5675 0.000 0.081 0.919 0.440 Oj59 0.0158 0.0079 
QWS 23611 0.007 0.049 0.944 0.452 0.541 0.0239 0.0119 
QSPKC 9.6952 0.015 0.002 0.983 Q2A0 0.745 0.0899 0.0453 
QSPKT 8.5247 0.015 0.038 0.947 0336 0.649 0.0779 0.0392 
QSLWP 9.6952 0.014 0.008 0.978 0.214 0.772 0.0903 0.0454 
QTDPK 93853 0.015 0.000 0.985 0.264 0.721 0.0862 0.0434 
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Table 12.11. (Continued) 
QPCCWP 9.3853 0.010 0.158 0.832 0.139 0.851 0.0883 0.0444 
QPCRWP 93853 0.010 0.131 0.858 0.167 0.823 0.0881 0.0443 
PSWF 16.4583 0.010 0.191 0.799 0.004 0.987 0.1520 0.0755 
QLCK 7.0721 0.006 0.064 0.930 0.003 0.991 0.0691 0.0344 
QTCK 3.6332 0.000 0.004 0.996 0.001 0.999 0.0346 0.0173 
QYKH 33262 0.000 0.003 0.997 0.001 0.999 0.0326 0.0163 
QYALW 0.8137 0.000 0.004 0.996 0.020 0.980 0.0079 0.0040 
OYSFI 3.2365 0.000 0.001 0.999 0.008 0.991 0.0314 0.0157 
QYST 3.4007 0.000 0.000 1.000 0.008 0.992 0.0330 0.0165 
QOST 8.4573 0.000 0.003 0.997 0.136 0.864 0.0853 0.0427 
QYLWP 3.4253 0.000 0.000 1.000 0.004 0.996 0.0331 0.0166 
QYTCCK 3J093 0.000 0.000 1.000 0.005 0.995 0.0344 0.0172 
QOTCCK 8.9516 0.000 0.035 0.965 0.034 0.966 0.0891 0.0446 
QYPCCK 3.5093 0.000 0.001 0.999 0.005 0.995 0.0345 0.0172 
QOPCCK 8.9516 0.000 0.033 Q.%7 0.016 0.984 0.0887 0.0444 
QPCCK 3.4439 0.000 0.001 0.999 0.005 0.995 0.0337 0.0168 
RPBF 73567 0.008 0.078 0.914 0.014 0.978 0.0698 0.0348 
RPPK 8.8015 0.000 0.079 0.921 0.002 0.998 0.0858 0.0429 
RPCK 82535 0.003 0.001 0.996 0.074 0.923 0.0822 0.0411 
ESPK 4.7551 0.037 0.005 0.958 0.233 0.730 0.0514 0.0258 
ESBF 23953 0.007 0.022 0.971 0.147 0.846 0.0235 0.0118 
ESCK 7.5631 0.012 0.050 0.938 0.236 0.753 0.0810 0.0404 
ESTK 10.4160 0.000 0.038 0.962 0.001 0.999 0.1040 0.0520 
RPTK 10.4160 0.001 0.535 0.465 0.277 0.723 0.1033 0.0514 
NMRGPK 8.7018 0.007 0.029 0.964 0.037 0.957 0.0897 0.0450 
NMRGBF 5.6694 0.000 0.030 0.970 0.005 0.995 0.0567 0.0284 
PKST 14.7480 0.055 0394 0.551 0.170 0.775 0.1397 0.0683 
NMRGCK 9.4897 0.011 0.000 0.989 0.124 0.865 0.0918 0.0458 
PBGF 13.0517 0.007 0.157 0.837 0.003 0.991 0.1256 0.0625 
PW12CK 11.0492 0.012 0.048 0.940 0.074 0.913 0.1100 0.0548 
281 
Table 12.12. Dynamic multipliers from 10 percent increase in com price 
Period QSBFT QPCRWB RPBF PKST QSPKT QPCRWP RPPK 
0 -0.966% -0.916% 0.733% 1.229% -0318% -0.364% 0.487% 
1 -1372% -1301% 1.124% 1.816% -1.086% -1246% 1.232% 
2 -1326% -1.258% 1.137% 1.797% -1.441% -1.654% 1.524% 
3 -1.081% -1.025% 0.975% 1.503% -1.564% -1.796% 1.572% 
4 -0.744% -0.706% 0.738% 1.089% -1.609% -1.847% 1.532% 
5 -0.509% -0.483% 0.572% 0.800% -1.632% -1.874% 1.496% 
6 -0.472% -0.448% 0.548% 0.757% -1.646% -1.889% 1.499% 
7 -0.617% -0.584% 0.652% 0.936% -1.651% -1.894% 1.537% 
8 -0.842% -0.798% 0.813% 1.216% -1.646% -1.889% 1.587% 
9 -1.033% -0.979% 0.950% 1.452% -1.637% -1.878% 1.624% 
10 -1.117% -1.059% 1.009% 1.555% -1.627% -1567% 1.635% 
11 -1.087% -1.031% 0.987% 1.517% -1.622% -1.861% 1.624% 
12 -0.989% -0.938% 0.916% 1395% -1.621% -1.861% 1.600% 
13 -0.886% -0.841% 0.843% 1.268% -1.625% -1.865% 1.579% 
14 -0.829% -0.787% 0.802% 1.197% -1.630% -1.871% 1.570% 
15 -0.835% -0.792% 0.806% 1.205% -1.633% -1.874% 1.574% 
16 -0.887% -0.841% 0.844% 1270% -1.633% -1.875% 1.587% 
17 -0.953% -0.903% 0.891% 1351% -1.632% -1.873% 1.601% 
18 -0.999% -0.948% 0.925% 1.409% -1.629% -1.870% 1.609% 
19 -1.012% -0.959% 0.933% 1.424% -1.626% -1.867% 1.610% 
20 -0.992% -0.941% 0.919% 1.400% -1.625% -1.865% 1.604% 
21 -0.959% -0.909% 0.895% 1358% -1.626% -1.866% 1.597% 
22 -0.929% -0.881% 0.874% 1321% -1.627% -1.868% 1.591% 
23 -0.917% -0.869% 0.865% 1306% -1.629% -1.869% 1.590% 
24 -0.923% -0.875% 0.869% 1314% -1.629% -1.870% 1J92% 
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Table 12.12. (Continued) 
Period PBGF QYST QOST QPCCKR PWCK RPCK RPTK 
0 0.691% 0.006% -0.023% 0.005% 0.438% 0360% 0325% 
1 2.003% 0.018% -0.041% 0.017% 0.634% 0519% 0.414% 
2 2.571% 0.025% -0.042% 0.024% 0.629% 0.600% 0374% 
3 2.725% 0.026% -0.035% 0.025% 0.541% 0J30% 0.281% 
4 2.732% 0.023% -0.026% 0.023% 0.423% 0.421% 0.159% 
5 2.724% 0.019% -0.020% 0.019% 0351% 0347% 0.075% 
6 2.740% 0.017% -0.020% 0.016% 0352% 0338% 0.059% 
7 2.775% 0.017% -0.024% 0.016% 0.413% 0388% 0.108% 
8 2.812% 0.019% -0.030% 0.018% 0.495% 0.462% 0.186% 
9 2.834% 0.022% -0.036% 0.021% 0.557% 0524% 0.255% 
10 2.835% 0.025% -0.037% 0.023% 0519% 0550% 0.287% 
11 2.820% 0.025% -0.036% 0.024% 0.561% 0538% 0.278% 
12 2.801% 0.025% -0.033% 0.024% 0.523% 0505% 0.244% 
13 2.786% 0.024% -0.031% 0.023% 0.488% 0.471% 0.207% 
14 2.783% 0.022% -0.029% 0.021% 0.472% 0.454% 0.186% 
15 2.789% 0.022% -0.030% 0.021% 0.478% 0.457% 0.188% 
16 2.800% 0.022% -0.031% 0.021% 0.498% 0.474% 0.206% 
17 2.810% 0.023% -0.033% 0.022% 0.522% 0.496% 0.229% 
18 2.815% 0.023% -0.034% 0.023% 0.536% 0.510% 0.246% 
19 2.813% 0.024% -0.034% 0.023% 0.538% 0.514% 0.251% 
20 2.808% 0.024% -0.034% 0.023% 0.530% 0.508% 0.244% 
21 2.802% 0.024% -0.033% 0.023% 0.517% 0.496% 0.233% 
22 2.798% 0.023% -0.032% 0.022% 0.507% 0.487% 0.222% 
23 2.798% 0.023% -0.032% 0.022% 0.504% 0.483% 0.217% 
24 2.801% 0.023% -0.032% 0.022% 0.508% 0.485% 0.219% 
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The dynamic multipliers reported (Table 12.12) are annual averages of the 
quarterly response. Averaging eliminates seasonal variation and provides a clearer 
representation of the impacts. A 10 percent increase in the com price causes beef 
production and consumption to decline by about 1 percent. Meanwhile, because of the 
decreased production, both farm and retail prices increase as expected. These 
magnitudes also appear to be reasonable. The same types of impacts are evident in pork 
although in greater magnitude. This is likely because the feed cost specification used 
for beef cow slaughter is not as responsive to com price changes. The dynamic 
multipliers indicate that broiler production increases because the demand effects (i.e., 
price increases) outweigh the negative supply effects. Overall, the dynamic multipliers 
indicate that the model is dynamically stable. The com price shock to the model caused 
the endogenous variables to move in a satisfactory direction and then to return to 
equilibrium in a cyclical, but stable pattern. 
Summary 
Chapter 12 has presented the results of the estimation and model validation 
statistics for the U.S. livestock model. The supply sectors are estimated using 3SLS due 
to the absence of cross equation restrictions as they exist in the demand system. The 
supply sectors are estimated to provide a complete representation of the respective 
supply sectors, and are developed according to the inherent biological stock and flow 
relationships of livestock production. When appropriate, estimated equations were 
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further restricted through the use of logistic functional forms to provide bounded results 
which are required by definition (e.g., cow slaughter cannot exceed cow inventory). 
The margin system is estimated using a relative price transmission specification. 
It is hypothesized that the retail-farm margin responds not only to relative price levels, 
but also to total supply, by-product values and marketing costs. This allows for a 
percentage change in the retail-farm margin which is often observed, rather than a mark­
up specification which implies a constant relationship based on marketing costs. 
The demand system is estimated using IT3SLS due to the cross-equation 
restrictions imposed on the system. The system was estimated as an inverse specification 
of the almost ideal demand system as posited in a previous chapter. All commodities 
except turkey were found to be net substitutes which is intuitively plausible. 
Finally, model validation statistics indicate that the U.S. livestock model is 
dynamically stable and provides appropriate response to exogenous shocks to the system. 
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CHAPTER 13. SIMULATION RESULTS 
This chapter presents several scenarios for the adoption of growth promotants and 
presents the economic consequences impUed by the scenarios. Somatotropins are 
represented by one group of scenarios and the S-agonists are represented by a second 
group of scenarios. The specific scenarios on the right-hand-side of Figure 13.1 
(described below) are designed to address a number of issues which have not been 
considered in previous studies. One of the primary considerations is to determine 
whether producers, biotech companies, meat processors and purveyors or consumers are 
the primary beneficiaries. This includes consideration of size and structure changes, and 
the impacts on competing sectors. In addition, the impacts on the feed grain and oilseed 
sectors and possible government program implications will be considered. 
A brief description of each scenario will be followed by a discussion of the results 
of the simulation from the livestock industry model. First, the likely production 
efficiency effects and carcass merit premiums based on current industry pricing methods 
are included, but demand is assumed not to change. Second, a demand enhancement 
scenario is constructed to reflect the likely consumer preference changes for the leaner 
meat products shown in this study. Third, com and soymeal prices are allowed to 
change in response to changed feed use per animal and the number of animals in each 
industry, which affect feed demand. Each scenario will be conducted incorporating the 
technological change (either somatotropin or S-agonist) introduced into both the beef 
and pork industries. Two additional scenarios for the pork industry include 1) feeding 
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hogs to heavier weights with the use of pST, and 2) treating hogs with pST and S-
agonists simultaneously. These two scenarios may also be relevant for beef; however, 
there has been no scientific evaluation of these impacts in beef production, and the 
economic impacts would be similar to those illustrated for pork production. A final 
scenario will be a simulation which assumes only the pork industry adopts pST. Other 
studies have considered only this scenario, and this may be used for a comparison of 
results. This scenario will be used to demonstrate the cross-commodity impacts if only 
one industry in the livestock sector adopts the growth promotants, which has not been 
considered in previous studies. 
PORK 
olpSTtnd *4*. hhog# 
pSTIn port( 
ont* 
Figure 13.1. Growth promotant scenarios 
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Somatotropin Simulations 
Somatotropin assumptions: scenario I 
Scenario I includes only direct production efficiency changes and carcass merit 
premiums for the improved product from the use of the somatotropins in both beef and 
pork. This scenario is similar to the assumptions used for the partial budget analysis of 
Chapter 7. These changes are expected to occur with some certainty because they are 
immediate consequences of the adoption of somatotropins. The carcass merit premiums 
are based on current pricing practices in the meat packing industry; however, as more 
treated animals become available, this premium may be reduced or restructured to apply 
to only those animals which have superior composition in relation to the overall 
population. This carcass merit premium is expected to provide producers greater 
incentives to adopt the new product. It is difficult to ascertain the appropriate carcass 
premium since grading standards across packers are not uniform, and retail and hotel 
and restaurant institution merchandisers may have a different willingness to pay for less 
fat and more lean in the repartitioned meat than is reflected in the current industry 
pricing structure. However, interviews with packer industry procurement agents suggest 
that approxmiately a 5 percent price premium would be paid for animals exhibiting the 
lean characteristics of animals treated with somatotropins. Only adopters receive this 
premium in the simulation, and the carcass merit premium is assumed to be the same 
for both beef and pork producers. 
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The production efficiency changes are taken directly from Chapter 2, Table 2.13 
for pork and Table 2.24 for beef. The primary impacts are on feed efficiency and lean 
meat produced per animal. The feed efficiency changes are incorporated into the 
simulation model by altering the proportion of feed (Table 2.24) in the feed cost 
equations for beef and pork (Chapter 12). 
Carcass composition changes are included by adjusting the ratio of liveweight-to-
carcass weight (for changes in dressing percentage), and increasing the transformation 
between carcass weight and retail weight (increased lean meat per animal). 
The timing and level of adoption will affect the economic impacts. The adoption 
of somatotropins is assumed to follow the path specified in Chapter 5, Table 5.19. The 
same adoption path is used for pork and beef, but beef producers are assumed to begin 
adopting somatotropins two years after pork producers. The two year lag for beef 
producer adoption will likely represent the timing of the availability of products for 
commercial use. 
Consumer preferences initially are assumed to remain constant, so that the only 
changes are substitution effects as prices drop. Feed prices also remain fixed, so there 
is no effect on feed prices which otherwise would affect feedlot profitability. 
Somatotropin results: scenario I 
The primary industry performance variables monitored in the simulations include 
quantities produced, quantities consumed, adopter and non-adopter farm prices, retail 
prices, adopter and non-adopter profits, and market shares. The base mean values of 
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the endogenous variables over the simulation period are given in Table 13.1 to facilitate 
comparison of levels from the percentage changes which are reported. 
The results of this scenario are shown graphically in Appendix B, Figures B.l -
B.26 by the lines marked PE/CM (I) (production efficiency/carcass merit (Scenario I)). 
Table 13.2 also provides a summary from all scenarios of the long run impacts from the 
adoption of growth promotants. 
Table 13.1. Average values of endogenous variables over simulation period 
Variable Mean Standard Error 
Beef profits (dollars/head) 175.25 52.53 
Pork profits (dollars/head) 22.33 5.18 
7-market barrow and gilt price (doUars/cwt.) 48.13 3.74 
Omaha slaughter steer price (doUars/cwt.) 81.44 4.98 
12-city wholesale chicken price (cents/pound) 54.34 3.66 
Retail beef price (cents/pound) 2.82 0.13 
Retail pork price (cents/pound) 1.97 0.09 
Retail chicken price (cents/pound) 0.83 0.03 
Per-capita beef consumption (pounds) 17.14 0.65 
Per-capita pork consumption (pounds) 16.82 0.72 
Per-capita chicken consumption (pounds) 12.04 0.69 
Total beef supply (mill, pounds) 6576.83 142.14 
Total pork supply (mill, pounds) 4343.89 212.58 
Total chicken supply (mill, pounds) 4190.06 2182.42 
Table 13.2. Summary of long run impacts of partitioning agents on the livestock sector (change from base) 
Variable 
Somatotropin seen. /9-agonist seen. Combination seen. pST only 
PE/CM CP FD WT. PE/CM CP FD PST/BA 
PST/BA + 
WT No. int. Int. 
QSBFT(%) 0.03 2.65 3.16 2.56 0.40 3.63 4.02 2.75 2.02 0.00 -0.58 
QPCRWB(%) 5.41 8.47 9.40 8.55 7.36 11.19 12.02 8.96 7.98 0.00 -0.65 
RPBF(%) -4.78 -6.95 -7.62 -6.53 -6.37 -8.96 -9.61 -8.65 -7.69 0.00 -0.71 
PKST(A)(%) 0.77 3.38 2.33 3.80 -0.89 0.75 -0.17 1.70 3.14 0.00 -0.17 
PKST(N)(%) -4.03 -7.64 -8.54 -7.24 -5.61 -9.95 -10.74 -9.10 -7.82 0.00 -0.17 
BFPROF(A)($/CWT.) 0.65 1.37 1.26 1.38 0.27 0.72 0.58 1.14 1.28 0.00 -0.14 
BFPROF(N)($/CWT.) -3.34 -6.32 -6.12 -6.01 -4.65 -8.24 -8.10 -6.36 -6.20 0.00 -0.14 
QHCW(%) 1.50 5.65 3.83 4.02 0.53 3.74 2.80 3.06 3.39 0.00 -0.58 
QHFBF(%) 6.44 17.80 19.20 12.91 6.70 13.45 17.88 18.82 13.19 0.00 -0.31 
QSPKT(%) 0.93 2.18 2.99 -0.45 1.03 2.53 3.95 1.07 -1.73 2.66 2.70 
QPCRWP(%) 9.18 10.74 11.72 6.02 12.23 14.14 15.92 27.08 23.07 11.33 11.38 
RPPK(%) -7.36 -8.93 -9.70 -6.01 -9.59 -11.44 -12.60 -17.79 -15.64 -7.53 -7.41 
PBGF(A)(%) -2.12 1.55 -0.13 6.70 -4.10 -1.05 -3.61 -5.41 -0.86 2.36 2.43 
PBGF(N)(%) -6.78 -9.09 -10.45 -4.42 -8.67 -11.38 -13.52 -15.10 -11.09 -8.38 -8.31 
PKPROF(A)($/CWT.) 0.58 1.48 1.10 3.15 0.28 1.10 0.76 0.60 2.64 1.57 1.57 
PKPROF(N)($/C\VT.) -1.82 -2.43 -2.73 -1.75 -2.36 -3.07 -3.31 -3.87 -3.36 -2,23 -2.21 
QHBH(%) 1.56 3.85 3.72 -8.11 0.27 1.79 3.25 1.72 -10.17 3.33 3.37 
Table 13.2. (Continued) 
Variable 
Somatotropin seen. /9-agonist seen. Combination seen. pST only 
PE/CM CP FD WT. PE/CM CP FD PST/BA 
PST/BA + 
WT No int. Int. 
QHBG(%) 2.Ô2 4.96 4.67 -10.33 0.36 2.32 4.08 2.17 -12.99 4.30 4.35 
QYST(%) -0.13 -0.19 -0.38 -0.46 -0.18 -0.25 -0.29 -0.40 -0.48 0.00 -0.04 
QPCCKR(%) -0.13 -0.18 -0.34 -0.40 -0.17 -0.24 -0.28 -0.36 -0.43 0.00 -0.04 
RPCK(%) -2.67 -3.80 -4.13 -3.29 -3.57 -4.95 -5.40 -5.28 -4.60 0.00 -0.82 
PW12CK(%) -2.79 -3.97 -4.29 -3.37 -3.74 -5.18 -5.64 -5.49 -4.75 0.00 -0.85 
TOTCON(%) 4.04 5.45 6.04 4.30 5.44 7.19 8.01 9.76 8.40 2.80 2.52 
MKTBF(%) 1.31 2.86 3.17 4.08 1.83 3.73 3.71 -0.73 -0.39 -2.72 -3.09 
MKTPK(%) 4.94 5.02 5.35 1.64 6.44 6.48 7.32 15.78 13.52 8.29 8.64 
MKTCK(%) -4.01 -5.34 -6.02 -4.51 -5.32 -6.93 -7.67 -9.22 -8.15 -2.72 -2.50 
RPPK(A)(%) -7.36 -1.65 -2.48 1.50 -9.59 -4.36 -5.61 -11.21 -8.89 -0.13 0.00 
RPPK(N)(%) -7.36 -8.93 -9.70 -6.01 -9.59 -11.44 -12.60 -17.79 -15.64 -7.53 -7.41 
RPBF(A)(%) -4.78 0.50 -0.23 0.94 -6.37 -1.68 -2.38 -1.34 -0.31 0.00 -0.71 
RPBF(N)(%) -4.78 -6.95 -7.62 -6.53 -6.37 -8.96 -9.61 -8.65 -7.69 0.00 -0.71 
PCOF(%) n/a n/a -9.37 1.35 n/a n/a -7.20 -11.72 -1.81 n/a n/a 
PSBMF(%) n/a n/a 8.26 15.75 n/a n/a 0.06 6.06 12.84 n/a n/a 
GCAU(%) n/a n/a -3.91 0.57 n/a n/a -3.04 -4.95 -0.77 n/a n/a 
HPAU(%) n/a n/a 3.51 6.69 n/a n/a 0.02 2.57 5.46 n/a n/a 
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The initial impact of the adoption of somatotropins is a reduction in feed costs 
for adopters. This provides a profit incentive to increase herd size. The production 
increase is exacerbated when treated animals are slaughtered because of the improved 
carcass composition also results in a greater quantity of meat per animal. This is 
illustrated by the substantially greater change in consumption relative to the change in 
production (Figures B.l - B.4). The animal's live weight and carcass weight do not 
change substantially, but the percentage of carcass weight which is retail product 
(consumption or disappearance) is greater. The long run increase in production is 
slightly less than 1% for pork, while consumption increases by approximately 9%. To 
induce consumers to buy the more abundant quantities of meat, retail prices decline for 
beef, pork and, due to cross-commodity effects, chicken (Figures B,7 - B.ll). There is 
no difference between adopter and non-adopter retail prices because it is assumed that 
consumer preferences are unchanged. Chicken demand is affected only through 
substitution effects, since no direct change has occurred in the chicken industry. 
Increased quantities of beef and pork cause chicken prices to decline and hence chicken 
quantities also decUne in response to lower producer profits (Figures B.5 - B.6). 
As a result of the increased production and reduced retail prices, the farm prices 
faced by beef and pork producers also decline (Figures B.12 - B.16). The farm price for 
adopters is initially higher than base levels for both beef and pork producers receiving 
carcass premiums. But while slaughter steer prices received by adopters remain above 
base levels, the price of barrows and gilts is below base levels in the long run. This is 
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due to the greater quantity changes resulting from the adoption of pST in pork 
production. 
The 'bottom line' for producers is the profitability change &om adopting the 
technology. The adopters of both bST and pST receive increased profits (Figures B.17 -
B.20). Initial adopters receive much higher profits when the market supply hasn't 
completely adjusted, so that their cost savings and price premiums on top of a relatively 
high market price lead to higher profits. However, as more producers adopt, aggregate 
production increases, market prices decline, and profits return to a lower level. Profits 
for non-adopters are always lower since they do not receive any premium, continue to 
have higher costs of production, and also endure lower market prices. Although 
adopters receive higher profits, some non-adopters who receive lower profits remain in 
the market and the overall industry profits return to near 'normal' levels. The profit 
equations are not endogenous within the system and do not provide dynamic feedback 
to producers. Thus, profit measures provide only an index of the combined price and 
feed cost effects, and include the cost of growth promotants at a $1 cost per $3 return. 
In reality, it is likely that this cost relationship will change as more manufacturers offer 
competing products, and as more producers adopt the products. 
The impacts on beef and hog inventories are also provided in Table 13.2. Both 
beef cow and sow inventories increase by about 1.5 percent. This suggests that the 
reduction in feed costs coupled with price premiums provides incentives to produce large 
enough to offiset the price reduction caused by more meat produced per animal. Fed 
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cattle inventories increase by a greater percentage than the cow herd inventories because 
it becomes more profitable tu place cattle on feed which formerly were sold as non-fed 
cattle. Similarly, barrcw and gilt inventories increase by a greater proportion than the 
breeding herd because farrowing rates are likely to increase slightly with improved 
profitability. 
To monitor the relative competitive position of the beef, pork, and poultry 
industries, their market shares are traced through time (Figures B.2Î - B.23). Beef and 
pork are now relatively cheaper, and their market share increases, while chicken's 
market share decreases. The market share of beef initially decreases because of the 
assumed two year lag in adoption compared to pork. In the long run, market share of 
pork increases more than beef because of pSTs greater impacts in the pork industry. 
Because of lower overall retail meat prices, total consumption of meat increases as well 
(Figure B.24). The model assumes that expenditures on meat are fixed; thus, as supplies 
increase, prices decline until consumers reach the same expenditure level as previously. 
The dynamic scenario illustrates that while initial adopters receive significantly 
higher returns, these are bid out of the market as supply and demand adjust in their own 
industry and competing industries. Profits return to 'normal' levels in this competitive 
market structure. This illustrates the importance of including dynamic supply and 
demand response when a new technology is introduced; otherwise the profit impacts will 
be overestimated. 
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Somatotropin assumptions: scenario II 
Somatotropin scenario II is an extension of somatotropin scenario I. Scenario II 
includes the assumption that consumers are willing to pay more for the leaner product 
which is available with the use of somatotropins. The information for this scenario is 
taken from the willingness to pay experiments presented in Chapter 6. The bottom line 
result from the experiment is that consumers are willing to pay $0.50 more for the 
treated product. This represents approximately an 18 percent increase in the value of 
the meat product which was used in the experiment. However, a more conservative 
estimate of an 8 percent increase in the retail price for the percentage of pork or beef 
products which are treated is assumed. The rationale for the conservative estimate is 
that the experiments show that it requires time to reach the ceiling level of willingness 
to pay, so that initially consumer impacts are not expected to be that high. In addition, 
any taste differences in the treated meat may reduce the levels consumers are willing to 
pay. All other elements of this scenario are identical to scenario I. 
Somatotropin results: scenario H 
The results of scenario n are shown in Figures B.l - B.26 by the lines marked 
PE/CM + CP (n) (production efficiency/carcass merit plus consumer preference change 
(scenario H)). Table 13.2 (CP) provides a summary of long run impacts on selected 
variables. While carcass merit premiums are certain under current grading standards, 
there has been uncertainty with respect to consumer acceptance of the meat products 
due to the use of 'growth hormones'. Incorporating the results of the willingness-to-pay 
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experiment enables a more accurate assessment of the likely impacts. The results are 
similar to the previous scenario, but with some interesting changes. Since the demand 
curve for the leaner product is now shifted to the right, the magnitudes of the impacts 
on production and prices are all greater than scenario I. The increased retail price is 
passed on to adopters in addition to the carcass merit premium from the processors in 
the prior scenario. The higher retail price allows the processors to capture some of the 
benefits of the demand shift as well, because the equations pass only a portion of the 
retail price increase on to the farmer. Animal inventories also increase substantially 
because the amount of meat produced per animal has not changed from scenario I, but 
the price increase provides incentives to produce more animals. More beef cattle enter 
the fed cattle category because this category is the only one that receives the price 
incentives. As with the previous scenario, chicken producers are likely to be worse off 
if they do not have access to similar growth enhancing products. 
Somatotropin assumptions: scenario HI 
All scenarios to this point have ignored the impUcations of technology change in 
the livestock sector on the feed grain and oilseed sectors. Changes in feed requirements 
and animal numbers will affect the demand for feed and feed prices (which were 
assumed to be fixed in the previous scenarios). In order to more accurately assess the 
complete economic consequences of the technical changes, the reduced form feed grain 
and soymeal sector is included in the simulation model (Chapter 12, Tables 12.8 -12.10). 
In this scenario, the feed prices entering the system are endogenized with the system and 
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allowed to change as production changes in the pork and beef industries. Other 
assumptions remain the same as in scenario 11. 
Somatotropin results: scenario III 
The results on the livestock and feed sectors are shown in Figures B.l - B.26 by 
the lines marked PE/CM + CP + FD (in)(where FD means plus feed endogenized), 
and in Table 3.2 (FD). Grain consuming animal units (Figure B.25) decline because of 
reduced feed requirements for treated animals even though animal numbers have 
increased slightly. However, high protein animal units (Figure B.25) increase because 
pork production requires more soymeal in the ration to achieve the higher rate of gain, 
and because there are more hogs. Although com prices are cheaper (Figure B.27), this 
does not result in higher profit levels for adopters as might be expected. This is because 
non-adopters still represented in the system benefit from cheaper feed prices and 
increase production as a consequence. Thus, production and consmnption levels of meat 
are higher, and retail and farm prices are lower than for the other scenarios. 
Somatotropin assumptions: scenario IV 
Scenario IV is identical to scenario HI for beef, but differs slightly for pork. 
Several of the technical studies on the impacts of pST have shown that it may be 
possible to finish hogs to heavier slaughter weights than under current production 
technologies without the adverse effects of significantly lower average daily gain and 
significantly increased fat deposition. Packers could slaughter and process more lean 
pork per head without much change in costs, improving processing efficiency 
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substantially. In order to account for this eventuality, scenario IV assumes that hogs 
treated are fed to a heavier liveweight (280 lbs. vs. 240 lbs.). This entails a change in 
the feed ration and changes in the dressing percentage and retail lean meat available 
from these heavy hogs. The changes to the production coefficients for the heavy weight 
hogs vs. untreated hogs are shown in Table 2.13. 
Although the heavier weight hogs exhibit increased feed efficiency with the use 
of pST, this is outweighed by the increased quantities needed to feed the hog for a 
longer time period. Therefore, feed requirements increase compared to untreated 
animals. This makes comparison to other scenarios difficult because it appears to cost 
more to feed the hog treated with pST, but it still remains cheaper per pound of meat 
produced. In addition, adopters may receive an additional carcass merit premium. 
Packers suggest that the availability of heavier hogs results in production efficiencies at 
the packer level and heavier weight hogs would be accepted up to approximately 280 
pounds without negatively affecting their fresh or processed pork merchandising 
programs. Because there is no good information on the magnitude of the premium 
packers might pay for the heavier weight hogs, one scenario is simulated without a 
premium, and a second scenario is simulated with a conservative addition of a 2% 
premium to the existing 5% premium already assumed to be paid by the processors for 
the leaner meat. If there were an additional premium, it would be reflected in the same 
manner as the 5 percent price premium already assumed for the leaner animals. All 
other assumptions are identical to scenario HI. A heavy weight scenario will not be 
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completed for beta-agonists because a study by Gu et al. (1991) suggests there is no 
benefit to feeding hogs to heavier weights when using S-agonists. 
Somatotropin results: Scenario IV 
Results of the heavy weight scenario are shown in Figures B.27 - B.51 (HP 
denotes inclusion of 2% premium), and in Table 13.2 (WT). The values from the 
premium scenario are not included in Table 13.2 because of the small difference 
between this case and the case with no premium. 
This scenario is a dramatic contrast to previous scenarios, especially for pork. 
The incentive for adopters switches from increasing production by increasing the number 
of animals to feeding fewer animals to a heavier weight. Thus, for hogs, total supply 
actually decreases slightly, while per capita pork consumption still increases, but not as 
much as in previous scenarios. Hog inventories decline 8-10 percent. Whereas in 
previous scenarios the feed cost savings and price premiums offset the quantity increases, 
now increased meat produced per animal offsets the price premiums and feed cost 
savings, causing the number of hogs necessary to meet consumer demand to decline. 
However, adopters still receive the carcass merit premium, and thus their selling prices 
are much higher than before, and adopters receive increased profits over previous 
scenarios. 
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Beta-agonist Simulations 
The second group of scenarios assume the use of a S-agonist such as ractopamine 
as the primary growth promotant used by beef and pork producers. The specific 
scenarios analyzed are very similar to those of the somatotropins, though a scenario 
incorporating heavier weight hogs is not included. The scenario descriptions will be brief 
because of their similarity to the somatotropin scenarios. 
S-agonist assumptions 
Scenario I includes only production efficiency changes and carcass merit premium 
changes. The production efficiency assumptions are provided in Chapter 2, Tables 2.21 
and 2.26. The adoption scenario for S-agonists developed in Chapter 5, Table 5.20 is 
included, but beef producers are asstmied to adopt two years after hog producers initially 
adopt S-agonists. The adoption lag represents the likely timing of product availability. 
Adopters receive a 5 percent carcass merit premium because of the higher quality meat 
produced. The structure for this scenario is identical to somatotropin scenario I, but 
utilizing the technical assumptions for S-agonists. 
S-agonist scenario II includes the same consumer preference changes as 
somatotropin scenario H. S-agonist scenario IE includes the same feed sector interaction 
as somatotropin scenario m. 
S-agonist results: scenarios I. H. m 
Because of the similarities in somatotropin and S-agonist impacts and scenarios, 
only those impacts which are substantially different will be discussed. The simulation 
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results are shown in Figures B.52 - B.77, and in Table 13.2. In general the S-agonist 
impacts are greater than somatotropins'. This occurs because of the slightly larger 
impacts of S-agonists in beef and pork on lean meat produced per animal, and also 
because of the expected higher ultimate adoption levels. With a larger proportion of 
animals treated with S-agonists the market level price and quantity impacts are expected 
to be greater. This also results in smaller increases in the breeding herd and feedlot 
animals compared to somatotropin under all scenarios. Another contrast to 
somatotropin are the changes in feed use. Since S-agonists require less increase in 
protein in the ration in hogs, both grain and high protein meal consumption (Figure 
B.76) decline in the short run, although high protein meal use returns to near base levels 
as hog producers increase production later. Both com and soymeal prices (Figures B.77) 
decline, with soymeal prices eventually returning to near normal levels. 
Somatotropin and Beta-agonist Combined Simulations 
Combination scenario assumptions 
A study by Jones et al. (1989) found that feeding ractopamine and injecting pST 
simultaneously to finishing hogs that the products resulted in complementary effects. 
That is, the impacts on production efficiency were greater than for either product used 
independently. The assimied technical changes from joint treatment are in Chapter 2, 
Table 2.21, Although the impacts on feed efficiency are very similar to injecting pST 
alone, the changes in carcass lean are much more dramatic. This is the primary benefit 
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of the synergistic effect. No similar studies are available for possible impacts on beef 
cattle; therefore, it is assumed that beef producers only use bST, and the adoption 
assumptions are the same as for other somatotropin scenarios (Chapter 5, Table 5.1). 
Therefore, this scenario is most comparable to the somatotropin feed scenario (HI), 
Because the impacts are similar, one composite scenario which includes changes in 
production efficiency, carcass merit pricing (5% premium), consumer demand (8% 
increased WTP), and feed price endogeneity will be considered for comparison with the 
corresponding composite scenarios for somatotropins. 
A second scenario with pST and S-agonists used in combination includes the 
possibility of feeding the hogs treated to heavier slaughter weights. The assumptions for 
this scenario are identical to the assumptions for the previous heavy weight scenario, but 
with fi-agonists used in addition to pST, so that there is a 35% increase in the lean meat 
produced by the treated hogs. 
Combination scenario results 
The primary difference in this scenario is the substantial increase in the amount 
of lean pork produced per animal and in total. The results are shown in Figures B.78 -
B.103 (PST + BA), and in Table 13.2, (PST/BA). The general pattern of the results 
are similar to previous simulations. Because of the dramatic increase in the retail 
quantities of lean pork per animal, retail and farm prices are reduced dramatically. 
Because of the greater reduction in prices, adopter profits are lower than the 
comparable scenario employing pST alone. Beef producers are adversely affected, with 
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adopters receiving lower profits than the comparable somatotropin alone scenario. Non-
adopting beef producers are also worse off because of the increase in pork supply and 
the commensurate decline in meat prices. Similarly, non-adopting pork producers face 
the lowest market prices and lowest returns of any previous scenario. In terms of market 
share, pork gains a greater proportion of total meat production, while beef and chicken 
shares decline. 
The results of the combination scenario with the additional assumption of feeding 
hogs to heavier weights are shown in Table 13.2 (PST/BA + WT), and in Figures B.78 -
B.103 (PST + BA + Heavy). The results are most closely related to the increased 
weight scenario with only the use of pST. However, in this case, the simultaneous use 
of S-agonists causes an even greater increase in the lean meat per animal. This scenario 
likely represents the impact as both products are approved for use, producers become 
more familiar with the use of the technologies and the most beneficial methods of using 
the products, and packers encourage marketing of heavier lean hogs by changing their 
pricing practices. 
Industry Interaction and Non-interaction Simulations 
Interaction/non-interaction scenario assumptions 
In previous pork industry studies of the impacts of somatotropins, none has 
considered the supply and demand competitive impacts of beef or poultry as this study 
has done. Lemieux and "Wohlgenant (1989) considered only the impacts on the pork 
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industry of the adoption of pST. Although two different assumptions of cross-price 
effects were considered, supplies of beef and chicken were fixed, which an incomplete 
representation of the likely competitive dynamics in the meat production sector. To 
illustrate the impacts of omitting consideration of competitive industry dynamic 
responses or including substitute meat production sectors, this scenario will first include 
only the effects on the pork industry, and then will include cross-price interaction 
through supply and demand interactions with the competing beef and chicken industries. 
Both scenarios will include technical changes from pST shown in Table 2.13, adoption 
rates shown in Table 5.19, and will include a 5 percent carcass merit premium for the 
leaner animals and an 8 percent increase in consumer willingness to pay. The 
interaction scenario will be comparable to Lemieux and Wohlgenant's study, although 
structural differences in the estimated models will make a direct comparison impossible. 
The results without competing sector interaction will be directly compared with a 
scenario with the same technology assumptions, but with interactions between competing 
meat production sectors included. 
Interaction/non-interaction simulation results 
Because of the similarities of results to previous studies only the comparative 
changes of the system with or without interaction will be made. The results are shown 
in Figures B.104 - B.124, and Table 13.2 where 'no int.' is the case where the beef and 
chicken industries are not linked to the pork system through demand interactions, and 
'int.' were the cross-commodity impacts are included. 
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The pST pork industry impacts with or without interaction with the beef and 
chicken industries are similar. While the dynamic price/quantity changes may be 
expected to be muted when price and supply changes iterate back from the other sectors, 
the small magnitude of change was surprising for pork, beef, and chicken industry 
performance measures. This is attributable to the low cross-commodity flexibiUties 
estimated in the demand system. However, the flexibiUties used in this study are similar 
to the low flexibilities obtained by Eales and Uimevehr (1991) and Huang (1988). The 
size of these cross-commodity flexibilities determine the extent to which omissions of 
competing industries may lead to misleading conclusions in technology impact 
assessment. If competing industries are relatively unaffected by changes within a given 
industry, then the over-estimation of the results in the sector of interest is minimized. 
In this case, Lemieux and Wohlgenant likely overestimated the impacts on the pork 
industry, but the errors would likely be quite small based on our simulation comparisons. 
Although the results are not reported, a similar simulation which assumed only 
the beef industry adopts growth promotants was conducted. The results are very similar 
to the pork industry results, but the cross-commodity effects between beef and chicken 
are stronger, resulting in greater impacts on the chicken industry. The beef and pork 
impacts were approximately the same as in the pork only scenario. 
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Siimmary of simulation results 
There are a multitude of variations on the theme for the expected consequences 
on the livestock industry of the use of growth promotants. However, from the scenarios 
conducted, several general results emerge: 
• adopters always benefit as long as non-adopters remain because the non-
adopters don't increase production as much, and that mitigates price decreases. 
• even with increased lean meat per animal, animal inventories increase because 
the feed efficiency impacts and price premiums are sufficient positive incentives 
to increase production to o&et the negative price effects of increased meat per 
animal 
• poultry producers are always worse off because of improved efficiency and 
increased production by beef and pork adopters. 
• consumers are always better off because they receive greater quantities of 
improved quality product at lower prices. 
• com prices are always lower because of reduced feed demand. However, 
soybean prices may either increase or decrease depending on whether 
somatotropins are the primary growth promotants used or S-agonists are the 
primary growth promotant used. 
• beef and pork command a greater market share because of their relatively 
lower prices and improved product quality compared to chicken. 
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• while initial adopters receive much higher profit levels, market effects 
eventually reduce these, and the industry profit levels return to 'normal' levels 
in the long run. Non-adopters face reduced profits under all circumstances. 
The scenarios presented provide the likely economic impacts given the events 
outlined occur. In the short run it is likely that producers will experiment with 
whichever growth promotant (somatotropins or S-agonists) are approved for use first. 
As producers become more familiar with their use, more animals are likely to be treated. 
Although initial adopters will likely receive carcass merit premiums for the leaner 
animals, it is likely that packers will alter their pricing strategies to account for the 
changed composition of treated animals. However, this will require some time to adjust. 
In the short run, consumers are not likely to significantly alter their consumption of 
treated/leaner meat products. However, as they become more confident in the safety 
of treated meat, and their preferences for leaner meat products prevail, it is likely that 
the long-run consumption of treated meat will increase. Finally, it is likely that in the 
long run hogs will be fed to heavier weights and treated with both pST and S-agonists 
as producers become more confident in their application of the growth promotants and 
as packers adjust their pricing mechanisms to reflect their preference for heavier weight 
and leaner animals. 
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Further Socio Economic Considerations 
The scenarios presented provide a solid framework for analysis of the primary 
industry and sector level impacts of the adoption of growth promotants. The results 
show expected price, production, consumption and feed impacts. However, there are 
many unresolved issues which are beyond the scope of formal analysis in this study. 
However, the results of this analysis can give some insight into the likely impacts on 
broader socio-economic issues associated with the adoption of growth promotants. 
Producer size and structure implications 
The results of the simulations suggest adopters will receive increased profits in 
the short run, and that non-adopters will face lower prices and reduced profits. What 
effects are there on the number of producers? What effects are there on various 
production systems? Do larger producers benefit more than smaller producers? 
In general, the results suggest that with production efficiencies and appropriate 
price incentives, animal numbers will increase slightly in industries adopting growth 
promotants. Although this may imply more producers may be necessary, it is more likely 
that this will result in early adopters, who receive the maximum benefits, increasing their 
herd sizes at the expense of non-adopters. Based on the producer survey results, larger 
producers are more likely to be early adopters. Hence, it is likely that the current trends 
toward fewer and larger producers will continue, and possibly be accentuated in the 
short-run. 
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Different types of production systems may fare differently, but it is difficult to say 
a priori. From the characteristics of the technology, it is likely that somatotropins will 
favor confinement type production systems where the animals are in close quarters and 
will be easier to treat with either an injection or implant. S-agonists have the advantage 
of being administered as a feed additive, so it seems that they will be neutral in their 
impact on differing production systems. It is likely that effective use of growth 
promotants will require better management. Research indicates that ration formulation 
is key to obtaining maximum response to growth promotants. Similarly, animals with 
ahready superior genetics perform proportionally better with growth promotants than 
hogs with inferior genetics. Well managed herds with superior herd health will likely 
benefit more. These feeding, health, and breeding management requirements imply the 
need for more accurate record keeping systems. Hence, it is likely that growth 
promotants will actually widen the competitive gap between superior and inferior 
management systems. Thus, the key to successful use of growth promotants may not be 
type of facility, but the management sophistication and limitations of the individual 
producer. 
Larger producers do not seem to possess an inherent advantage in the use of 
growth promotants. The extent of superior management sophistication and willingness 
to employ innovative techniques may be the deciding factors. The results of the adopter 
survey suggest that large producers are more willing to adopt growth promotants, and 
plan to adopt them more rapidly than smaller producers. Thus, from the results of the 
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simulations, where initial profits are greater, the early adopters will likely obtain and 
then be able to maintain some advantage. 
Processor implications 
While margin relationships provide insight into the supply and demand changes 
confronting processors, there are further issues which need consideration. It is 
advantageous for processors to obtain high quality animals. This allows them to sell a 
higher valued product and receive higher prices. In addition there are direct technical 
efficiency benefits, because more lean meat is obtained from slaughtering the same 
number of animals, and so the total costs of obtaining a given amount of meat are 
lowered. However, the framework developed here does not allow for accurate 
assessment of the processing efficiencies which may exist. 
There are additional considerations for grading and pricing systems. The changes 
in the lean yield of live animal, carcass, and cuts may require changes in product 
evaluation, pricing, and market information systems for animals produced with 
partitioning agents. Accurate valuation and price determination will require new cutout 
and yield tests to determine the changed relationship between lean yield and related 
value, and external measures like liveweight (e.g., dressing percentage changes for hogs) 
or backfat thickness at one location, and the measurement systems employed (e.g., 
ultrasound, electronic probes, backfat thickness measures, and how they are calibrated). 
Otherwise, the producer of the leaner product from these technologies will not be 
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accurately rewarded for that improvement, and the incentive to use the technology will 
be significantly reduced. 
Consumer implications 
Prior to this study it was not possible to say with confidence how consumers 
would respond the use of growth promotants, and hence whether they would benefit 
from their use. The consumer experiment results show that the participants were willing 
to pay more for the leaner/treated meat products. Initially consumers may be reluctant 
to accept the products, but as they gain more information and confidence that the 
product is safe and of high quality, they will likely be willing to pay more for the new 
products. These results assume that consumers receive accurate information on the 
effects of growth promotants. If negative information is prevalent, consumers will likely 
take longer to accept the products, and producers may also not be as willing to use the 
growth promotants. If preferences remain unchanged, consumers will benefit anyway, 
because of the availability of more meat at lower prices. Thus, as with most technology 
changes in competitive industries, consumers are the ultimate beneficiaries. 
Feed sector implications 
The simulation results presented were simplified to include only com and soymeal 
as feed inputs. It was shown that even though animal numbers increase, the demand for 
com declines. However, the demand for soymeal increased with somatotropins because 
hogs must be fed a higher crude protein ration (or a lysine supplement). The changes 
in feed demand have implications for government crop programs. In general, com prices 
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will be affected adversely, and this may increase required government outlays payments 
to producers. Soybean implications vary depending on the type of growth enhancer used. 
Demand would be stable or decline, depending on the growth promotant being 
considered. 
There are also dynamic effects not considered in the crop sector. For example, 
the lower com and soymeal prices will likely lead to a shifting of production to other 
crops, which in turn will mitigate some of the price impacts on com and soymeal, but 
will also have negative price effects on the crops which are substituted. In order to 
determine these large scale implications, the model developed could be simulated with 
the existing FAPRI modeling framework for crops, government costs, and trade. 
Trade implications 
Trade implications depend on much the same issues as consumer demand. 
Obviously, increased quantities at lower prices may improve export possibilities for U.S. 
producers. However, there is still the issue of acceptance of growth hormone treated 
products by other countries. The European Community has already placed a ban on the 
imports of meat treated with growth enhancers. However, the ban may be as much a 
result of the EC's desire to protect small producers as an issue of safety. If other 
importers follow, it may seriously hinder the acceptance of growth promotants by 
producers. If trade restrictions are imposed, the red meat industries probably could still 
serve those markets with certified "growth promotant free" products as a specialty niche 
market. However, the partitioning effects between lean and fat may have positive 
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impacts on the acceptance of pork products in Japan, for example, where U.S. pork 
bellies are considered inferior to leaner Danish pork bellies. 
Summaiy 
This chapter describes the structure and rational of the alternative scenarios 
analyzed, and the expected results of the changes implied by the adoption of growth 
promotants in the U.S. livestock sector under these scenarios. 
The adoption of growth promotants will have significant impacts on the beef, 
pork, and chicken industries. This exercise illustrates the importance of various 
assumptions when an ex ante evaluation of technology is considered. In particular, 
adoption rates and timing significantly influence overall industry impacts. In addition, 
the changes in competing sectors can have substantial effects on other sectors if the 
cross-commodity linkages and the magnitudes of the changes are sufficiently large. 
Because beef and pork industries are assumed to be the only two adopting growth 
promotants, these two benefit at the expense of poultry producers, and will likely slow 
the rapid rate of growth of the poultry industry. If poultry producers gain access to 
technologies with similar relative impacts it is likely that the changes will be muted. 
Production changes in the Uvestock sector also impact the feed sector. Results 
show that the demand of feed grains (com) declines in all cases, whereas the demand 
for oilseeds may be increased because of increased protein requirements in hog 
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production when pST is used. In the case of beta-agonists, both feed grain and oilseed 
demand decline because of improved feed efficiency. 
In addition, the results were used to provide insight into broader issues associated 
with the expected adoption of growth enhancers. These issues include size and structural 
implications for livestock producers, processor implications, consumer implications, and 
trade implications. From the adoption survey, it is suggested that large producers would 
be the first to adopt growth enhancers. Thus, because initial adopters benefit more, it 
is likely that large producers will benefit more than small producers. Processors will 
likely benefit because of increased processing efficiency associated with more lean meat 
per animal. Consumers will receive a lower priced and higher quality product, and 
hence will benefit. Meat trade impacts depend on whether other countries approve the 
import of meat products treated with growth enhancers. If there are no trade 
restrictions, it is likely that exports will increase because of the lower priced products 
available. 
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CHAPTER 14. SUMMARY AND CONCLUSIONS 
This study analyzes the adjustment that will likely occur in the U.S. livestock 
sector as a consequence of the introduction of somatotropins and S-agonists into the 
production process. It is important to consider the impacts of a technology change on 
participants in the meat animal industry to help facilitate decision making by the 
participants. This includes producers, processors, consumers, and the government. As 
examples, producers require information on the expected economic consequences so that 
they can make appropriate adoption and management decisions to obtain maximum 
benefits from the new technologies. Processors must be able to adjust to changes in 
quality, grading, and pricing strategies due to the changed composition of treated meat 
products. Consumers must make appropriate purchase decisions based on changed 
product quality and lower prices. Government outlays will likely be affected by changes 
in the demand for feed grain and protein crops. Broader issues include structural 
changes which may occur in the livestock sector. Will small producers be able to adopt 
and benefit from the new technologies as much as larger producers, or is it likely that 
the technology changes will accentuate the trend towards fewer and larger producers? 
This study sought to provide information on the expected outcomes of many of these 
issues. This is accomplished through an ex ante methodology which attempts to 
incorporate producer adoption responses, consumer acceptance, and the economic 
impacts of the technical changes from the use of growth promotants. A review of the 
literature suggests that previous studies have not considered dynamic market 
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consequences of these changes, the impacts of competing industry reactions, and the 
impact of technology changes in competing industries. In addition, the question of 
potential consumer acceptance of products from growth promotants is quite important, 
and has not been adequately addressed. The objective of this study is to develop an ex 
ante framework for analyzing the issues of adoption and diffusion of technology change, 
constmier acceptance of growth promotants, and the estimation of a simulation model 
of the U.S. livestock industry to account for the dynamic implications of the technical 
change. 
Both somatotropins and S-agonists offer significant increases in feed efficiency 
(10-25%), daily gain and total lean meat production (10-25%) in both hog finishing and 
beef feeding operations. While there are changes possible in chicken production from 
these growth promotants, the magnitudes of the impacts are very small, and do not 
provide significant incentives for producers to adopt. This may change if second 
generation products become easier to administer and more effective in broiler 
production. 
Studies examining the adoption and diffusion of technology on an ex-post basis 
have found factors such as profitability, concentration of the industry, and industry 
growth among others to be important in the rate of adoption. In addition, a logistic or 
S-shaped function has been found to be the best representation of the adoption path 
over time. To determine the expected adoption and diffusion of partitioning agents, a 
survey of Iowa producers and large U.S. producers asked producers' expected response 
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to their availability was developed and sent to a sample of Iowa and large national pork 
producers. Both groups of producers responded that they were more likely to adopt S-
agonists than somatotropins, and the speed of adoption for S-agonists was faster than for 
somatotropins. This is likely due to both products having essentially the same 
production impacts, but the somatotropins are more difficult to administer (by injection) 
than the S-agonists (in feed). In general, larger producers were more likely to adopt 
both types of growth promotants, and were also likely to adopt them earlier than Iowa 
producers. In the long run, 73 percent of hogs are expected to be treated with pST and 
91 percent of hogs are expected to be treated with S-agonists. It is assumed throughout 
the study that beef producers' adoption response is the same as pork producers, though 
similar studies on the expected adoption pattern of beef producers have not been done. 
The survey data was fit with a logistic oirve to establish adoption paths for use in 
simulations. 
There is ambiguity in how consumers may react because they are faced with the 
dilemma of consuming leaner meat which was produced by animak treated with growth 
promotants. An experimental approach was used to determine consumer willingness to 
pay for these products. Experiment results show that while consumers are initially 
reluctant to accept the treated meat products, they were willing to pay more for the 
leaner meat product which was treated than for typical meat products after more 
exposure to the product. In the long run, the experimental results show that participants 
would be willing to pay up to 18% more for the leaner meat product versus a typical 
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meat product. Thus, consumers value the lean meat more than they discount the use of 
growth promotants to obtain the leaner meat. 
A static partial budget analysis of the impacts of growth promotants on an 
individual producer illustrates how the technical changes from the adoption of growth 
promotants are likely to impart economic impacts on producers. From the partial 
budgets, initial adopters of pST are likely to receive an increase in income of $1.70 per 
hundredweight. Similarly, initial adopters of fi-agonists in pork will receive an increase 
in income of $1.12 per hundredweight. Beef producers who adopt bST immediately will 
receive an increase in income of $2.28 per hundredweight, and those who adopt S-
agonists will receive an increase in income of $2.45 per hundredweight. Thus, there are 
significant incentives to adopt the products immediately to gain the initial benefits. 
An econometric model of the dynamic supply and demand behavior in the U.S. 
beef, pork, and broiler industries is developed to use as the basis for subsequent changes 
in the system associated with these new technologies. A partial adjustment-adaptive 
expectations framework is incorporated with the inherent biological relationships of 
livestock production to provide the overall stock and flow relationships for the supply 
sector of the model. 
The demand system is an inverse demand framework. If supply is essentially fixed 
in the short run, prices must adjust to clear the quantities from the market. It is shown 
that the inverse demand structure is a valid representation of demand, and allows for 
price determination at the retail level. The specification of an approximate almost ideal 
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inverse demand system is developed for use in estimation of the demand system in the 
model. The margin equations link the retail demand and farm supply systems. 
Previous U.S. livestock models have rarely been complete supply and demand 
systems with integrated components which are simultaneously estimated as a system. 
The model developed represents an effort to incorporate some of the most recent 
theoretical appUcations for individual sectors into a single livestock simulation model. 
The model is estimated using 3SLS and IT3SLS because of the simultaneous nature of 
the model. Estimated coefficients and significance of variables are consistent with 
theoretical expectations. The supply and demand flexibilities are presented and 
compared to previous studies and found to be reasonable. The model is validated using 
simulation statistics and by calculating dynamic multipliers and found to provide 
reasonable simulation results and to be dynamically stable. This systems approach yields 
a theoretically consistent specification for the entire meat sector. 
The estimated model is then adjusted to represent the impacts of growth 
promotants introduced into the production process of beef and pork. Scenario 
development and analysis follows a most likely continuum of possible scenarios, involving 
expected changes in production efficiency, carcass merit pricing, demand changes, and 
feed sector changes. Additional scenarios are presented which consider scenarios of 
significantly heavier weight hogs, and simultaneous use of both somatotropins and S-
agonists in hogs. To examine the impact of alternative methods of technology 
assessment, the last scenario investigates the impacts on an individual industry with or 
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without the reactions of competing industries if only one industry adopts a new 
technology. 
The analysis provides the following general conclusions: 
• adopters always benefit as long as non-adopters remain because the non-
adopters don't increase production as much, and that mitigates price 
decreases. 
• even with increased lean meat per animal, animal inventories increase because 
the feed efficiency impacts and price premiums are sufficient positive 
incentives to increase production to offeet the negative price effects of 
increased meat per animal. 
• poultry producers are always worse off because of improved efficiency and 
increased production by beef and pork adopters. 
• consumers are always better off because they receive greater quantities of 
improved quality product at lower prices. 
• com prices are always lower because of reduced feed demand. However, 
soybean prices may either increase or decrease depending on whether 
somatotropins are the primary growth promotants used or fi-agonists are the 
primary growth promotant used. 
• beef and pork command a greater market share because of their relatively 
lower prices and improved product quality compared to chicken. 
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• while initial adopters receive much higher profit levels, market effects 
eventually reduce these, and the industry profit levels return to 'normal' levels 
in the long run. Non-adopters face reduced profits under all circumstances. 
• The structure of livestock production has been shifting toward larger size 
operators producing a higher proportion of total production; the likely 
quicker adoption of these technologies by larger more sophisticated managers 
may accelerate that trend. 
Suggestions for Further Research 
Three potential research areas are suggested by the results of this study. The first 
is a continuation of the analysis of the impacts of growth promotants, the second involves 
econometric modeling techniques, and the third includes expansion of the consumer 
experiments. 
This study provides information on the expected market level consequences of 
growth promotants. However, there are also issues associated with potential structural 
change in the livestock sector because of the use of growth promotants. This includes 
determination of how growth promotants affect producers using different production 
facilities and methods. This would likely require the specification of representative cost 
functions for different types of producers and then determining how these cost functions 
are altered with the adoption of growth promotants. 
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Also, it would be useful to more closely examine the implications for the 
processing sector. How will carcass and retail meat changes affect grading and pricing 
systems? Are production efficiencies because of the increased lean meat per animal 
significant? 
The second area for further research is model development. Although the model 
developed represents one of the few attempts to represent the Uvestock industry within 
a coordinated structure, there are still many issues which are unresolved. The first area 
includes determining the 'correct' representation of the demand system. With a 
complete representation of the livestock industry on the supply side, it should be possible 
to empirically determine whether the inverse or the regular demand system is actually 
appropriate. If the supply is perfectly inelastic, then the inverse (price dependent) 
demand system is appropriate, and prices are determined in the demand sector. If 
supply is perfectly elastic, then the regular (quantity) dependent demand system is 
appropriate. In reality, the elasticity of supply falls somewhere between these two poles. 
With a complete supply representation as this system contains, it is possible to test (in 
a framework similar to Thurman (1986)) which demand specification is correct. In order 
to accomplish this the complete system must be estimated simultaneously with both 
demand specifications, and Wu-Hausman tests applied to determine which form holds. 
In addition, by estimating a complete system, the exact relationship between inverse 
demand flexibilities and regular demand elasticities can be determined. This 
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relationship has not been adequately determined, and the empirical results would likely 
provide insights into the nature of the relationship. 
The second aspect of modeling involves the supply sector alone. As with all 
previous livestock models, this model is structured about a pre-determined time interval; 
in this case quarters. Pork is the only production sector which fits well within the 
quarterly framework, both from a data standpoint, and &om the actual biological 
relationships. Beef does not require quarterly time periods to specify the supply 
dynamics. An annual representation should be adequate for capturing most beef 
dynamics, other than possibly the fed cattle segment. Similarly, broiler production would 
be better served within a monthly framework. Taking the biological restrictions a step 
further than this study involves letting the data and the inherent biological lags 
determine the time frame of the individual sectors. Creation of a monthly demand 
sector would allow price linkages to be created for the differing time periods of each 
supply sector. Thus, beef would be an annual representation, pork would remain in a 
quarterly framework, and broilers would be represented in a monthly framework. The 
data available would also fit well within this system, and this would alleviate the 
discrepancies in availability of data which were addressed in Chapter 11. 
Finally, with respect to broiler production estimation. No model has adequately 
represented the supply relationships in broiler production. The extent of vertical 
integration in the broiler industry has altered the structure of the industry to the extent 
that traditional production theory does not seem to capture the supply behavior as 
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exhibited by the very low supply elasticities. One approach to alleviate this problem 
likely lies in an industrial organization approach to modeling the response of the broiler 
industry. The weakness of this approach would be the difficulty in collecting appropriate 
data for this analysis. 
The third area for continued research is the area of consumer experiments which 
this study initiated. Several issues remain to be explored with regard to growth 
promotants. These include consumer's response to negative information and positive 
information on the effects of growth promotants and their safety. This will help to 
provide a range of expected consumer response to the introduction of growth 
promotants, and will provide more realistic estimates of the information consumers are 
likely to confront when making purchasing decisions. 
There are also conceptual issues in regard to the consumer experiments. One 
issue exposed by this study is the timing of payment of participants. Payment prior to 
the auction resulted in significantly lower bids. This suggests a test of compensating 
versus equivalent variation concepts in neo-classical consumer they. Additionally, for an 
experiment such as growth promotants where consumer reaction is often initially 
ambiguous, it may be useful to investigate the implications of allowing bids to be 
negative rather than truncated at zero. This would allow a more complete mapping of 
preferences. 
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APPENDIX A. PORK PRODUCER ADOPTION SURVEY INSTRUMENT 
Two new types of products, 'pordne somatotropin" and "beta agonists" both of which accelerate animal 
growth and act as repartitioning agents to improve carcass composition, should become available to pork 
producers in the next few years. 
1. How well informed are you about each of these new products: VERY WELL, 
WELL, NOT TOO WELL, OR UNINFORMED? (drcle your answers below) 
a. Porcine Somatotropin? 
b. Beta agonists? 
Very 
WeU 
VW 
VW 
WeU 
W 
W 
Not Too 
WeU 
NW 
NW 
Uninformed 
U 
U 
2. How useful has each of the foUowing sources been to you in gaining information about these 
products; VERY, SOMEWHAT, or NOT USEFUL? 
a. First, Pordne Somatotropin? 
Very 
Useful 
Somewhat 
Useful 
Not 
Useful 
Uninformed 
about PST 
Direct contact with university sdentists? V S N U 
Companies developing this product? V S N U 
Commerdal dealers/salespersons? V S N U 
Other hog producers? V S N U 
Extension specialists? V s N U 
Farm magazines and trade journals? V s N u 
Mass media (radio, tv, newspapers)? V s N U 
Pork producer organizations? V s N u 
b. Second, Beta Agonists? 
Direct contact with university sdentists? V s N u 
Compames developing this product? V s N u 
Commerdal dealers/salespersons? V s N u 
Other hog producers? V s N u 
Extension spedalists? V s N u 
Farm magazines and trade journals? V s N u 
Mass media (radio, tv, newspapers)? V s N u 
Pork producer organizations? V s N u 
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3. Are there other sources that have provided you useful information about these two new products? 
NO 
YES; what are these sources? 
DESCRIPTION OF PRODUCTS 
Both "pordne somatotropin" and "beta-agonists" should be available to pork producers in a few years. It is 
estimated that persons who adopt either of these products will receive a finanrial return of $3 (reduced feed 
costs, carcass merit benefits, etc.) for every $1 invested. Both products will likely increase the level of 
management and record keeping required of pork producers. 
Some comparative advantages and disadvantages of these two products are summarized below. This 
information is drawn from current research; actual performances of the two products may differ from these 
initial estimates. 
CRITERIA 
a. Nature of product 
b. Delivery system 
c. Feed effidency 
d. Feeding period/ 
average weight gain 
e. Backfat reduction 
f. Dressing percentage 
g. Nutritional requirements 
h. Withdrawal period before 
slaughter 
i. Consumer reaction 
j. Effect on market prices 
PORCINE SOMATOTROPIN 
natural hormone mass-
produced using 
biotechnology 
4 injections during last 
140 lbs. of growth 
25% improvement 
hogs marketed 8 days 
earlier 
up to 33% 
reduction of up to 3.4% 
17% crude protein (vs. 14%) 
none 
possibly adverse because of 
hormone use; however, leaner 
meat may be attractive 
increased aggregate 
production may bring lower 
market prices 
BETA AGONISTS 
chemical compound 
feed additive, no injections 
10% improvement 
hogs marketed 2 days 
earlier 
up to 10% 
increase of up to 1.5% 
16% crude protein (vs. 14%) 
less than one day 
possibly adverse because of 
chemical use; however, leaner 
meat may be attractive 
increased aggregate 
production may bring lower 
market prices 
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4. Based upon information presented on page 2, what is your reaction to each of the new products? 
a. First, Porcine Somatotropin (PST)? (check one answer) 
ENTHUSIASTIC - excited about the likely benefits of PST to pork producers 
CAUTIOUSLY OPTIMISTIC -- feel this product may be worthwhile, but probably will take 
a wait and see attitude 
SKEPTICAL — don't feel it will be worthwhile 
OPPOSED — feel it is likely to cause producers more harm than good 
INDIFFERENT ~ don't have an opinion about PST, for or against 
OTHER (specify) 
b. Second, Beta Agonists? (check one answer) 
ENTHUSIASTIC - excited about the likely benefits of PST to pork producers 
CAUTIOUSLY OPTIMISTIC -- feel this product may be worthwhile, but probably will take 
a wait and see attitude 
SKEPTICAL — don't feel it be worthwhile 
OPPOSED — feel it is likely to cause producers more harm than good 
INDIFFERENT - don't have an opinion about PST, for or against 
OTHER (specify) 
5. What will be your likely response when these products become available? 
a. How about Porcine Somatotropin? (check one answer) 
Will probably adopt this product immediately 
Will probably experiment by tr^ng it first on some animak 
Will probably wait to see how it works for others 
Will probably not adopt it 
Will definitely not adopt it 
Other (specify) 
b. How about Beta Agonists? (check one answer) 
probably adopt this product immediately 
Will probably experiment by trjing it first on some animak 
Will probably wait to see how it works for others 
probably not adopt it 
Will definitely not adopt it 
Other (specify) 
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6. How soon after these products become available are you likely to adopt them in your hog operation? 
a. How soon will you adopt Porcine Somatotropin? (check one answer) 
Immediately 
Within a year 
From 1 to 2 years 
More than 2 years 
WU not likely adopt it 
Other (specify) 
b. How soon will you adopt Beta Agonists? (check one answer) 
Immediately 
Within a year 
From 1 to 2 years 
More than 2 years 
Will not likely adopt it 
Other (specify) 
7. How soon would you likely adopt porcine somatotropin if, instead of returning $3 for every $1 
invested, the return was: 
Imme- Wthin 1-2 Years More Than Will Not 
diately 1st Year 2 Years Adopt 
(a) $2 for $1 invested? 1 2 3 4 5 
(b) $5 for $1 invested? 1 2 3 4 5 
8. How soon would you likely adopt beta agonists if, instead of returning $3 for every $1 invested, the 
return was; 
Imme- Wthin 1-2 Years More Than Will Not 
diately 1st Year 2 Years Adopt 
(a) $2 for $1 invested? 1 2 3 4 5 
(b) $5 for $1 invested? 1 2 3 4 5 
9. How soon would you adopt porcine somatotropin if, instead of 4 injections during the last 140 
lbs. of growth, it required: 
Imme- Wthin 1-2 Years More Than Will Not 
diately 1st Year 2 Years Adopt 
8 injections? 1 2 3 4 5 
2 injections? 1 2 3 4 5 
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10. If you had to choose between these new products, presuming they provide similar financial returns, 
which one would you most likely adopt? (check one answer) 
a. Porcine Somatotropin. Why do you prefer this product? 
b. Beta Agonists. Why do you prefer this product? 
c. Not likely to adopt either product. Why aren't these products acceptable to you? 
11. If it was allowed, and the effects of PST and beta agonists were additive, would you use both? 
Yes 
No, Why wouldn't you use both products? 
12. In your opinion, are each of the following a LIKELY or UNLIKELY outcome from farmers' use 
of porcine somatotropin and beta agonists? (circle your answers) 
(a) They will substantially increase the amount of 
pork produced. 
(b) They will bring reduced market prices for all 
hogs. 
(c) Leaner pork produced using these products will 
mean greater consumer demand for pork products. 
(d) They will encourage consumers to substitute 
pork for beef and poultry. 
(e) They will make it more difficult for family-
sized operations to compete against large hog 
operations. 
(f) To fully benefit from these products, producers 
will have to market their hogs on a grade and yield 
basis. 
(g) U.S. hog producers will gain a competitive 
advantage in the world pork market by using these 
products. 
(h) Consumers will be wary of pork produced with 
PST. 
LIKELY 
1 
1 
1 
1 
1 
UNSURE UNLIKELY 
3 2 
2 
2 
2 
2 
3 
3 
3 
3 
(CONTINUED on page 6) 
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12. CONTINUED 
I LIKELY UNSURE UNLIKELY 
(i) Consumers will be wary of pork produced with 12 3 
beta agonists. 
(j) These products will increase the need for more 12 3 
intensive management. 
(k) Use of these products will increase the profit 12 3 
level of my swine operation. 
(I) These products will increase the amount of 12 3 
concentration in swine production. 
13. In your opinion, will each of the following groups likely BENEFIT, NOT BE AFFECTED, or BE 
HARMED by the availability of these two products? (circle your answers) 
(a) Very large swine operations (average 
daily inventory of 5,000+ hogs) 
(b) Large swine operations (average daily 
inventory of 1,000 - 4,999 hogs) 
(c) Medium swine operations (average 
daily inventory of 250 - 999 hogs) 
(d) Small swine operations (average daily 
inventory of less than 250 hogs) 
(e) Meat packers 
(f) Consumers 
(g) Open pasture swine operators 
(h) Confinement, environmentally-
controlled operations 
BENEFIT 
1 
NOT 
AFFECTED 
2 
2 
2 
2 
HARMED 
3 
3 
3 
3 
3 
UNSURE 
4 
4 
4 
4 
4 
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14. How do you fsel about biotechnology, generally? Please indicate whether you STRONGLY 
AGREE, AGREE, DISAGREE or STRONGLY DISAGREE with each of the foUowing 
statements, (circle your answers) 
STRONGLY 
AGREE 
(a) The potential benefits of biotechnology 
outweigh its risks. 
(b) Research in biotechnology will make family 
farmers more competitive. 
(c) Biotechnology poses significant risk of 
dangerous microorganisms being released 
into the environment. 
(d) It is immoral to create new forms of life 
using genetic engineering. 
(e) Biotechnology will make farming more 
profitable for small and medium-sized 
operators. 
(f) Biotechnology will increase surpluses of 
agricultural commodities. 
(g) Corporations should be able to patent and 
control new forms of life they develop from 
genetic engineering. 
(h) Field testing of new biotechnologies should 
be more closely regulated by the government 
(i) Biotechnology, through genetic manipulation, 
will alter life in ways that threaten human 
survival 
(j) Biotechnology will increase the control of 
large corporations over many production 
inputs in farming (e.g., seeds, growth 
hormones, feed additives). 
(k) Public universities should become more 
active in competing with the private sector in 
development of agricultural biotechnolopes. 
(I) Biotechnology will force small and medium-
sized producers to remain competitive. 
(m) Companies will likely extract excessive 
profits form the sale of their biotech 
products. 
STRONGLY 
AGREE DISAGREE DISAGREE UNSURE 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
348 
For the purposes of the analysis, we need some background information about your hog operation. Your 
responses will be kept strictly confidential and will not be reported in a way that individual operations can 
be identified. 
15. How many hogs were marketed for slaughter in 1988 from the operations over which you have control 
(including your sub-contractors)? # of hogs marketed in 1988. 
16. What percentage of the slaughter hogs you marketed in 1988 were sold: 
(a) On a live weight baâs? % 
(b) On a carcass merit or grade & yield basis? % 
TOTAL 100 % 
17. What percentage of the hogs produced by your Grm are produced for others under contract? 
% 
18. Do you receive a discount for volume input purchases? 
No 
Yes; About how large a discount do you receive? % 
19. Do you receive a premium for marketing a large volume of hogs? 
No 
Yes; About how large a premium do you receive? $ per CWT (liveweight) 
20. How do you compare in cost efficiency to the average to small-sized swine producer? 
Much more efficient 
Somewhat more effident 
About the same 
Less effident 
21. If you are more effident than average-sized swine producers, what do you feel are the reasons for your 
greater effidency? (check all that apply) 
Improved feed effidency 
Improved reproductive efBdency 
Improved labor cost effidency 
Discounts on volume input purchases 
Premiums in market price 
Improved facility use 
More intensive management practices 
Other, please specify: 
349 
22. What is the size of your operation? (If you have more than one production unit under your control, 
provide information on the tvpical size of the individual units.) 
(a) Farrow-to-finish # of hogs marketed/year 
(b) Farrow-to-grower # sows in herd at one time 
(c) Finisher # hogs marketed/year 
23. Do you have any thoughts about PST and/or beta agonists that were not covered in this questionnaire? 
THANK YOU FOR YOUR HELP. 
PLEASE RETURN THIS QUESTIONNAIRE IN THE ENCLOSED ENVELOPE; NO POSTAGE IS 
REQUIRED. 
Please check here if you are interested in receiving a summary of the survey results. 
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APPENDIX B. GROWTH PROMOTANT SIMULATION GRAPHS 
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Figure B.l. Somatotropin; total pork supply 
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Figure B.2. Somatotropin: per capita pork consumption 
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Figure B,3. Somatotropin: total beef supply 
Percent Change from Base 
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Figure B.4. Somatotropin: per capita beef consumption 
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Figure B.5. Somatotropin: total chicken supply 
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Figure B.6. Somatotropin: per capita chicken consumption 
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Figure B.7. Somatotropin; Retail pork price - adopters 
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Figure B.8. Somatotropin; retail pork price - non-adopters 
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Figure B.9. Somatotropin; Retail beef price - adopters 
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Figure B.IO. retail beef price - non-adopters 
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Figure B.ll. Somatotropin; retail chicken price 
Percent Change from Base 
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Figure B.12. Somatotropin; wholesale chicken price 
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Figure B.13- Somatotropin: barrow and gilt price - adopters 
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Figure B.14. Somatotropin: barrow and gilt price - non-adopters 
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Figure B.15. Somatotropin; steer price - adopters 
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Figure B.16. Somatotropin; steer price - non-adopters 
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Figure B.17. Somatotropin; pork profits - adopters 
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Figure B.18. Somatotropin: pork profits - non-adopters 
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Figure B.19. Somatotropin: beef profits - adopters 
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Figure B.20. Somatotropin; beef profits - non-adopters 
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Figure B.21. Somatotropin: market share -beef 
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Figure B.22. Somatotropin: market share - pork 
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Figure B.23. Somatotropin: market share - chicken 
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Figure B.24. Somatotropin: total meat consumption 
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Figure B.25. Somatotropin: feed consumption 
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Figure B.26. Somatotropin: feed prices 
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Figure B.27. Heavy weight: total pork supply 
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Figure B.28. Heavy weight: per capita pork consumption 
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Figure B.29. Heavy weight; total beef supply 
Percent Change from Base 
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Figure B.30. Heavy weight; per capita beef consumption 
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Figure B.31. Heavy weight: total chicken supply 
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Figure B.32. Heavy weight: per capita chicken consumption 
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Figure B.33. Heavy weight: retail pork price - adopters 
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Figure B.34. Heavy weight: retail pork price - non-adopters 
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Figure B35. Heavy weight: retail beef price - adopters 
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Figure B.36. Heavy weight: retail beef price - non-adopters 
369 
Percent Change from Base 
-1 -
- 2 -
-3-
-4 -
-3 0 3 6 9 12 15 18 21 24 27 30 33 36 39 
Year 
+ PE/CM + CP + FD + H -^ PE/CM + CP + FD + HP 
Figure B,37. Heavy weight; retail chicken price 
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Figure B.38. Heavy weight: wholesale chicken price 
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Figure B.39. Heavy weight; barrow and gilt price - adopters 
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Figure B.40. Heavy weight: barrow and gilt price - non-adopters 
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Figure B.41. Heavy weight; steer price - adopters 
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Figure B.42. Heavy weight: steer price - non-adopters 
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Figure B.43. Heavy weight: pork profits - adopters 
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Figure B.44. Heavy weight: pork profits - non-adopters 
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Figure B.45. Heavy weight; beef profits - adopters 
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Figure B.46. Heavy weight: beef profits - non-adopters 
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Figure B.47. Heavy weight: market share - beef 
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Figure B.48. Heavy weight: market share - pork 
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Figure B.49. Heavy weight; market share - chicken 
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Figure B.50. Heavy weight: feed consumption 
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Figure B.51. Heavy weight: feed prices 
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Figure B.52. S-agonist: total pork supply 
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15-
10-
5-
-3 0 3 6 9 12 15 18 21 24 27 30 33 36 39 
Year 
+ PE/CM (I) PE/CM + CP (II) • PE/CM + CP + FD (III) 
Figure B.53. S-agonist: per capita pork consumption 
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Figure B.54. S-agonist: total beef supply 
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Figure B.55. S-agonist: per capita beef consumption 
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Figure B.56. S-agonist; total chicken supply 
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Figure B.57. fi-agonist: per capita chicken consumption 
380 
Percent Change from Base 
4-
2-
2 -
-4-
- 6 -
- 8 -
-10-
-12 
-3 0 3 6 9 12 15 18 21 24 27 30 33 36 39 
Year 
+ PE/CM (I) -#-PE/CM + CP (II) •PE/CM + CP + FD (IH) 
Figure B.58. S-agonist; retail pork price - adopters 
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Figure B.59, S-agonist: retail pork price - non-adopters 
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Figure B.60. S-agonist: retail beef price - adopters 
Percent Change from Base 
-2 -
-4-
- 8 -
-10 -
-12 
-3 0 3 6 9 12 15 18 21 24 27 30 33 36 39 
Year 
+ PE/CM (0 ^  PE/CM + CP (II) * PE/CM + CP + FD (III) 
Figure B.61. S-agonist: retail beef price - non-adopters 
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Figure B.62. S-agonist; retail chicken price 
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Figure B.63. S-agonist: wholesale chicken price 
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Figure B.64. S-agonists; barrow and gilt price - adopters 
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Figure B.65. fi-agonist: barrow and gilt price non-adopters 
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Figure B.66. 6-agonist: steer price - adopters 
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Figure B.67. 6-agonist: steer price - non-adopters 
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Figure B.68. S-agonist; pork profits - adopters 
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Figure B.69. S-agonist: pork profits - non-adopters 
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Figure B.70. 6-agonist: beef profits - adopters 
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Figure B.71. 6-agonist: beef profits - non-adopters 
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Figure B.72. S-agonist: market share - beef 
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Figure B.73. S-agonist; market share - pork 
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Figure B.74. S-agonist: market share - chicken 
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Figure B.75. fi-agonist: total meat consumption 
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Figure B.76. S-agonist: feed consumption 
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Figure B.77. S-agnonist: feed prices 
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Figure B.78. Combined: total pork supply 
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Figure B.79. Combined: per capita pork consumption 
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Figure B,80. Combined: total beef supply 
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Figure B.81. Combined: per capita beef consumption 
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Figure B.82. Combined: total chicken supply 
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Figure B.83. Combined: per capita chicken consumption 
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Figure B,84. Combined: retail pork price - adopters 
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Figure B.85. Combined; retail pork price - non-adopters 
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Figure B.86. Combined: retail beef price - adopters 
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Figure B.87. Combined; retail beef price - non-adopters 
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Figure B.88. Combined; retail chicken price 
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Figure B.89. Combined: wholesale chicken price 
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Figure B.90. Combined: barrow and gilt price - adopters 
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Figure B.91. Combined: barrow and gilt price - non-adopters 
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Figure B.92. Combined; steer price - adopters 
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Figure B.93. Combined: steer price - non-adopters 
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Figure B.94. Combined: pork profits - adopters 
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Figure B.95. Combined: pork profits - non-adopters 
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Figure B.96. Combined: beef profits - adopters 
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Figure B.97. Combined: beef profits - non-adopters 
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Figure B.98. Combined: market share - beef 
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Figure B.99. Combined: market share - pork 
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Figure B.lOO. Combined: market share - chicken 
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Figure B.lOl. Combined: total meat consumption 
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Figure B.102. Combined: feed consumption 
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Figure B.103. Combined: feed prices 
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Figure B.104. Pork only; total pork supply 
Percent Change from Base 
1 0 -
8 -
6 -
4-
2 -
-3 0 3 6 9 12 15 18 21 24 27 30 33 36 39 
Year 
+ No interaction -••interaction 
Figure B.105. Pork only; per capita pork consumption 
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Figure B.106. Pork only; total beef supply 
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Figure B.107. Pork only; per capita beef consumption 
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Figure B.108. Pork only: total chicken supply 
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Figure B.109. Pork only: per capita chicken consumption 
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Figure B.llO. Pork only; retail pork price - adopters 
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Figure B.lll. Pork only: retail pork price - non-adopters 
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Figure B.112. Pork only; retail beef price 
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Figure B.113. Pork only: retail chicken price 
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Figure B.114. Pork only: barrow and gilt price - adopters 
2 
0 
-2 
-4 
•6 
-8 
-10 
•3 0 3 6 9 12 15 18 21 24 27 30 33 36 39 
Year 
+ No Interaction -•-Interaction 
Figure B.115. Pork only: barrow and gilt price - non-adopters 
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Figure B.116. Pork only: steer price 
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Figure B.117. Pork only: wholesale chicken price 
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Figure B.118. Pork only: pork profits - adopters 
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Figure B.119. Pork only: pork profits - non-adopters 
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Figure B.120. Pork only: beef profits 
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Figure B.121. Pork only: market share - beef 
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Figure B.122. Pork only: market share - pork 
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Figure B.123. Pork only: market share - chicken 
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Figure B.124. Pork only; total meat consumption 
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